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The potential hepatO"..3..rcinogenicity of seven
pesticides was examined using a rapid bioassay
based on the induction of glutathione S-trans-
feraseplacental form positive foci in the rat liver.
Rats were initially injected with diethylnitros-
amine and two weeks later were fed on diet sup-
plemented with one of the pesticides for 6 weeks
and then killed; all rats were subjected to a partial
hepatectomy at. week 3. Positive results were seen
with chlorobenzilate (2000 ppm). vinclozolin (2000
ppm), malathion (4000 ppm), tecnazene (2000
ppm) and isoproturon (2000 ppm). S,S.S-
tributylphosphorotrithioate (DEF. 200 ppm) and
dicloran (2000 ppm) ~ere negative in both number
and area analyses. Although cblorobenzilate is
carcinogenic in mice, malathion and vinclozolin
have been reported as non-carcinogens in both
rats and mice. Since the present system is based on
the two-stage carcinogenesis hypothesis, it is possi-
ble that the chemicals showing positive results in
this system possess at least tumor-promoting activ-
ity in the rat liver. This is very significant, as most
carcinogens show tumor-promoting activity in
their target organs.

Introduction

Investigation of possible environmentally de-
rived influences in animal experiments has
established that a vast array of compounds arc
capable of playing a role in tumorigenesis; and de-
tection and appropriate regulation of these com-
pounds arc of prime importance for the prevention
of neoplasia in humans. Agricultural chemicals arc
recognized as possible environmental toxic or car-
cinogenic agents [1,2]. Not only workers in in-
dustry and agriculture but also the general
population may be exposed to those chemicals
from foods. Evaluation of potential carcinogenic
or tumor-modifying activities of agriculturaJ
chemicals is therefore clearly very import.ant.

In our laboratory a medium-term bioassay sys-
tem of only 8 weeks' duration utilizing rat liver
glutathione S-transferase placental form (GST -P)
positive foci as end-point markers has been intro-
duced to bridge a long-term carcinogenicity bio-
assay and in vitro screening tests; the reliability of
the system is reviewed elsewhere 13-6]. Using this
system, we have examined possible carcinogenicity
of a variety of pesticides. The criteria used to select
the compounds were (i) evidence of toxicity as
described in the literature, (ii) widespread use, (iii)

ClirresptlnJence 10: Nobuyuki Ito. First DepartlllCJJt of
Pathology, Nagoya City Uniycrsity Medical School. 1
Kawasumi. Mizuho-cho. Misuho-ku, Nagoya 467. Japan.

0304-3835/93/S06.00 <S> 1993 Elsevier Scientusc Publishers Ireland Ltd.
Printed and Published in Ireland



~

chemica! structure suggestive of carcinogenic
potential. or (iv) structural similarity to othersuspected agents [7]. .

Oriental Yeast Company. Tokyo) ad libitum and
housed in plastic cages in an air-conditioned room
at 24 .i: 2°C and 55 .i: 5% humidity with a 12 hl12
h light-dark cycle.

The animals were divided into three groups, as
shown in Fig. I. Group I was given a single i.p. in-
jection of DEN (200 mg/kg body weight) dissolved
in saline to initiate hepatocarcinogenesis and. after
a 2 week recovery period on basal diet. received
one of the test compounds for the next weeks. Ani-
mals were subjected to two-thirds partial hepatec-
tomy (PH) at week 3 to maximize any interaction
between cell proliferation and the effects of the
compounds tested. Group 2 was given DEN and
PH in the same manner as group I without -any test
compound. Group 3 rats were injected with saline
instead of DEN solution and then subjected to test
compounds and PH. Test compounds were given
in the basal diet at the following concentrations:
vinclozolin, 2000 ppm; malathion. 4000 ppm;
DEF, 200 ppm; chlorobenzilate. 2000 pp~ tec-
nazene, 2000 ppm; isoproturon. 2000 ppm; and
dicloran, 2000 ppm. The doses of test compounds
were chosen on the basis of preliminary long-term
tests or toxicity data. if available [8-14].

Materials and Methods

Chemicals
Diethylnitrosamine (DEN) was obtained from

Tokyo Chemical Company, Tokyo. The pesticides
used were either obtained from commercial
sources or received as gifts from the following:
vinclozolin fr<>m BASF India Ltd., Bombay;
malathion from Cheminova, Lemvig, Denmark;
S,S,S-tributylphosphorotrithioate (DEF) a gift
from Dr. Cabral; chJorobenzilate from Nippon
Kayaku Co. Ltd., Tokyo; tecnazene from Aldrich
Chemical Company, Milwaukee, Wisconsin;
isoproturon from Hoechst AG, Frankfurt; and
diclO;ran from Wako Pure Chemical Industry,
Ltd., Osaka.

Animals and treatments
A total of 194 male F344 rats (Charles River

Japan Inc., Atsugi), 6 weeks old at commence-
ment, were maintained on basal diet (Oriental M.

8 weeks2 30

Group

1

2

3

~ : Test chemical

0 : No treatment
S : Sacrifice rats for GST -P

Immunohistochemistry

, : DEN, 200 mg/kg i.p.

~ : Saline, i.p.

V : Two-thirds partial hepatectomy

Experimental protocol.FIg. I.
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All surviving animals were sacrificed. at week 8,
livers were immediately excised, and sections 2-3
mm thick were cut with a razor blade. Three slices,
one each from the right posterior, caudate and
right anterior lobes, were fixed in ice-cold acetone
for immuno histochemical examination of GST - P .

considered to be obtained when there was an
increase at P < 0.05 in either number or area of
foci between groups I and 2.

Results

Tissue processing and GST -P positive foci analysis
GST -P immunohistochemistry was perfofDlCd,

as previously described [6,15J. The numbers and
the areas of GST -P positive foci of more than 0.2
mm in diameter and the total areas of the liver sec-
tions examined were measured using a video image
processor (YIP-2IC, Olympus Company, Tokyo),
as previously reported [16J. The results were
assessed by comparing the values of foci between
group I (DEN test compounds) and group 2 (DEN
alone). Group 3 animals served to assay the poten-
tial of the test chemicals to induce GST.P positive
fOCi without prior DEN.

Statistical analysis
Statistical analysis was carried out using Stu-

dent's t-test and Welch's t-test in combination with
the F-test for means [17]. A positive result was

The numbers of survivors in the experimental
groups is shown in Table I. Overall mortality
following PH was 2.6%. and no treatin~nt-related
mortality was seen. Final body and liver weights
and data for food consumption during the period
of feeding of the test chemical are summarized in
Table I. Body weights as compared with the DEN.
only group were significantly decreased in the
vinclozolin and DEF groups. Absolute liver
weights were increased in the malathion, chloro-
benzilate. tecnazene. isoproturon and dicloran-
treated groups. and relative liver weight (to body
weight) was increased in all groups. In the 000-
initiated groups. body weight was slightly higher
than those in the initiated groups. and the relative
liver weight was also increased similarly to the
initiated groups.

Numbers and areas of GST -P positive foci per
unit area of liver section after treannent with and

r.ble I. Final body and liver weights of rats.

Group Treatment No. of
rats

Body weight
(g)

Liver wcight

Liver/body ('10)

3.49 * 0.09&
3.80 * 0.45&
3.35 * O.22b
4.09 * 0.15&
4.19 * 0.14&
3.90*°.18&
4.62 * 0.288

254 = 1Sc
260 '" 17
242", IS.
266=9
273 = 10
270 = 13
271", 14

8.8 :J:. 0.6
9.9:J:. 1.28
8.1 :J:. 0.7

10.9 :J:. 0.68

11.5 :J:. 0.78

10.6 :J:. 0.88

12.5 :J:. 0.98

16
16
16
16
14
IS
14

I. DEN
Vinclozolin
Malathion
DEF
Chlorobenzilate
T ecnazene
lsoproturon
Dicloran

3.13 :t: 0.16267 =*' 19 8.4 = 1.02. DEN alone u
3.36 '" 0.15
3.77 '" 0.14
3.28 '" 0.22
4.47 '" 0.22
4.30 '" 0.21
3.79 '" 0.22
4.42 :E 0.16

268 = 16
286 = 10
254=9
284 = 20
282 = IS
288 = 12
274 = IS

9.0 =
10.8 =
8.3 =

12.7 =
12.1 =
10.9 =
12.1 =

10
9

10
8

10
10
10

3. Vinclozolin
Malathion
DEF
Chlorobcnzilate
T ecnazenc
~proturon
Dicloran

Significantly different from &roup 2 at .p <: 0.001. b~~< 0.01 or cp < 0.05. respectively.

0.8
0.6
0.6
1.1
0.'
0.'
0.6



Table II. Results of GST -P positive foci analysis.

Group T~tment No. of
ratS

GST.P positiw foci

Area (mm~/cm~)

I. DEN
1.48 :t: 0.49.
1.11 :t: 0.49.
0.48 :t: 0.20.
1.27 :t: 0.39a
1.04 :t: 0.27b
1.63 :t: 0.37"
0.50 :t: 0.33

16
16
16
16
14
IS
14

16.
.12-

6.
13.
12.
18.
6.

Vinclozolin
MBlathion
DEF
Chlorobenzilate
Tecnazene

Isoproturon
Dicloran

2. DEN alone IS 8.31 * 3.71 0.72 ,., 0.31

3. Vinclozolin 10
9

to

8
to
to
10

Malathion
DEF
Chlorobenzilate
T ecnazene
lsoproturon
Dicloran

0
0
0
0
0
0.22 .0.27
0

0
0
0
0
0
0.01
0

GST -P positive foci larger than 0.2 mm in diameter were counted. .
Significantly different from group 2 at 'P < 0.001. bp < 0.01 or .p < 0.05. respectively.

carcinogenicity and organotropism of carcino-
genic agents might be detennined mainly by their
tumor-promoting activity. Actually more than
900/0 of the liver carcinogens could be positively
detected by this system, although assessment of
carcinogens other than established hepatocar-
cinogens gave less positive results [3-6].

In the present study, five of the seven pesticides
were positive: chlorobenzilate, vinclozolin, mala-
thion, tecnazene, and isoproturon. Dicloran was
negative in terms of both the number and area of
GST-P positive foci, and OEF de<;reas'ed the area
of foci under the present experimental conditions.
Dicloran increased the liver weight and was nega-
tive in this system. OEF exened the strongest gen-
eral toxicity among the seven chemicals; it rather
decreased the foci induction at 200 ppm. the lowest
dose level among the seven chemicals. Thus the
positivi ties for the pesticides examined were not
directly correlated to general and/or liver toxicity
of the chemicals as evaluated by the weight data.
although some reports indicate that chemicals that
increased liver weight enhanced the development
of pre-neoplastic foci of the liver [18].

without DEN initiation are summarized in Table
II. The number of foci in the control group was
8.32/cm2 and the area was 0.72 mm2!cm2 Vin-
clozolin, malathion, chlorobenzila~, tecnazene
arid isoproturon increased GST-P positive foci
development over the control levels in both para-
meters. Dicloran did not affect foci development,
and DEF rather decreased the area of foci.

In the non-DEN-initiated groups, only
isoproturon induced a small number of GST-P
positive foci larger than 0.2 mm in diameter.

Discussion

Since this assay model is based on the two-step
hypothesis of carcinogenesis and on the induction
of pre-neoplastic hepatocyte lesions, it primarily
provides information on whether a test compound
possesses hepato-promoting activity in the rat [6].
However, we think the carcinogenic potential of
chemicals can be best assessed by detection of their
promoting activity based on the following con-
cepts: (i) most carcinogens possess both tumor-
initiating and tumor-promoting activities, and (ii)

08 "
81 "
92 "
89 "
70 z
76 *
60*

4.62a
4.07b
2.43
3.29a
2.46a
2.94-
2.59

: 0.02



Table llI. Comparison or positivity.

Chemical Chlor-
inated

Muta-
genicity

Carcino-
genicity

Liver
system

.!
,.

-
+
"

+

-
+'

+
t
'~, ,
~
7,
"".

-
?
+
?
?
.,

Vinclozolin
Malathion
DEF
Chlorobenzilate
Tecnaune
fsoproturon
Dicloran

+ Positive or yes; - negative or no; ? unknown.
Mutagenicity in the Ames test. References: [9-16].

non-carcinogenic by the FAO and WHO [13);
however, an apparent increase in liver weight was
noted for both rats and n-.ice to which the chemica!
was administered at concentrations of up to 4370
ppm in the diet. The level of positivity in this sys-
tem was almost the same as that of phenobarbital
at 0.05% in the diet. Phenobarbital has been con-
sidered a typical hepatopromoter and recently
evaluated as a liver carcinogen [21).

There seems to be a discrepancy, therefore, be-
tween the reported hepatocarcinogenicity in the
rat and the positivity in the present system for
three chemicals. We consider. however. that these
three compounds are possible hepatopromoters in
the rat. and this activity has not been fully
demonstrated in the long-term carcinogeni.city
study in this species.

It is possible to conclude that chemicals exerting
a positive result in this system might possess
hepatopromoting activity even if the hepatocar-
cinogcnicity has not been demonstrated in a long-
tenn study in the rat. In the strategy for cancer
prevention. we believe that a battery of rapid tests
for carcinogenicity in the liver has an important
role to play.
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The results are compared with their reported
mutagenicity in the Ames test and reported car-
cinogenicity(Table III). ~.,futagenicity in the Ames
test is negative for vinclozolin, malathion, chloro-
benzilate, and dic)oran, and unknown to us for the
other three compounds [8-14,)9.20]. Among .the
seven pesticides, chlorobenzi)ate has been reported
to be carcinogenic, but only in the mouse liver
[8-10]. Similar cases of non-mutagenic carcino-
gens are more commonly observed for the ou'1er
chlorinated compounds [19,20]. The positive
results for malathion and vinclozolin are inter-
esting, as these two chemicals have been evaluated
as 'non-carcinogens' in both rats and mice and
non-mutagenic in the Ames test [13.19,20]. Car-
cinogenicity for DEF, dicloran. tecnazene and
isoproturon has not IU1ly evaluated as far as we
know.

Malathion bas been reported as 'non-
carcinogenic' in NTP technical reports [11, 12J.
However. it is worth noting that this agent has
demonstrated significant enhancement of the de-
velopment of several types of tumor in both rats
and mice, and the cornbined incidence of hepato-
cellular carcinomas and neoplastic nodules in male
mice showed a significant linear trend when com-
pared with either the matched controls (P = 0.041)
or the pooled controls (P = 0.019) when ad-
ministered at concentrations of 8000 and J6 000
ppm in the diet. Although liver carcinogenicity
was not evident for malathion in either O~borne
MCIldeJ or Fischer rats. our results suggest that
malathion possesses tumor-promoting activity in
the liver. Vinclozolin has also been reported to be
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The mutagenic/cocarcinogenic potential of the fungicide
Vmclozolin was assessed by a comprehensive examination
of toxicity mechanisms at both the genetic and the. metabolic
level. Vinclozolin did not induce any significant increase in
chromosomal aberrations in human pheripheral blood
lymphocytes cultured in vitro, both in the presence and in
the absence of metabolic activation. However, significant
dose-related increases in micronucleated erythrocytes (up
to 4-fold over the control) were found in the bone marrow
ceDs of mice 24 h after tre;atment with the fungicide over
a range of concentrations from 312.5 10 1250 mg/kg.
The morphology and the size of micronuclei induced was
su~aestive of a predominantly clastogenic mode of action.
Several cytochrome P450 (CYP)-dependent reactions have
been monitored in liver, kidney and lung microsomes of
maIe and female Swiss Albino CD! mice in order to
ascertain certain toxic non-genetic properties (related to
carcinogenesis) of Vinclozolin. It was found to be a selective
inducer towards CYP 3A (liver, kidney) and 2El (liver).
as exemplified by the significant increases of the demethyl-
anon of aminopyrine (APND, up to 2.J-fold, female liver),
and hydroxylation of p-nitrophenol (pNPH. up to 5.6-fold,
male liver). In general, however. VlDclozolin has a complex
pattern of induction and suppression of CYP-dependent
enzymes, as shown from the reduced expression of various
monooxygenases depending upon dose. sex or organ consid-
ered. For example. pNPH activity was suppressed in kidney
(up to 48% loss, averaged between male and female),
whereas ethoxycoumarin O-deethylase was reduced in
lung up to 53% in male (at the highest dose). These data
were sustained by means of Western immunoblotting
using rabbit polyclonal antibodies anti-CYP 3A and lEI.
Northern blotting analysis using CYP 3Al/2 and 2El cDNA
biotinylated probes showed that the expression of such
isozymes is regulated at the mRNA leveL Taken together,
the findings indicate the clastogenic activity and the
possible cotoxic, cocarcinogenic and promoting potential
of Vinclozolin.

~

effects of pesticide residues in food and water probably cause
the greatest public concern. In particular. there has been
concern over the ability of fungicides to induce tumours in
the human population (US National Research Council. 1987).

(RS)- 3-(3 ,5-dichlorophenyl)-5-methyl- S- vinyl-1,3-oxazo-
lidine-2,4-dione (Vmclozolin) is a selective contact fungicide
mainly used on stone fruits, strawberries. vegetables and vines.

The pesticide is not a teratogen [Enviromnental Protection
Agency (EPA), 1987]. Reproductive toxicology studies by
BASF AG showed the induction of Leydig cell tumours and
atrophic ventral prostate and seminal vesicles following chronic
exposure of adult male rats to Vmclozolin (van Ravenzwaay,
1992). In a more recent study, the fungicide was demonstrated
to possess antiandrogenic activity, that led to developmental
toxicity in male rats (Kelce et al., 1994). Vmclozolin has been
repQned to be non-carcinogenic by the Food and Agriculture
Organisation/World Health Organisation (FAO/WHO, 1986).
However, questionable results have been obtained in the
mouse, in which Vmclozolin causes leu~aemia/lymphoma type
mmours in male animals and also some adenoma in the lung
in female mice (EPA, 1985).

The mutagenicity ofVinclozolin indicates a general tendency
to give negative results in the majority of assays. The EPA's
files reported that an Ames test, a Chinese hamster siSter
chromatid exchange {SCE) study, an host-mediated assay with
Salmonella ryphimurium, and a dominant lethal assay in mice
were submitted for registrarion and were negative (EPA. 1985).

From the few data available in the open literature, posi-
tive results have been obtained by Chiesara et aL (1982)
in S.typhimurium and in Schizosaccharomyces pombe, and
Vmclozolin was found to increase the frequetx:y of mitotic
recombination and to iriduce mitotic non-disjunction in
diploid colonies of Aspergillus nidulans (Georgopoulos et aL,
1979; Vallini et aI, 1983). No haemoglobin adducts could
be found in rats treated with Vinclozollil (Sabbiom and
Neumann, 1990).

The above considerations prompted us to improve knowledge
on the possible carcinogenic risk to humans of Vmclozolin.

It has been suggested that the outstanding IX'Oblems faced
in the prediction of potential carcinogens are mainly
toxicological, non-genetic (Ashby, 1993). For this purpose,
recently we developed a multibiomarker approach which
combines cytogenetic assays with biochemical and meta-
bolism studies (Cantelli-Forti et aL, 1993; Hrelia et aI,
1994a). In particular, we proposed a compreaensive examina-
tion of the mechanisms of toxicity down to the metabolic
level as a possible surrogate measure for promotional and
cocarcinogenic activity (Paolini et al., 1994). This approach
permits the detection of peculiar effects associated with
various stages of cancer development (initiation and promo-
tion). These effects. investigated by modulating specific
CYPs. altering the overall metabolic stabJS, can affect the
biotransformation of other xenobiotics (i.e. administered
drugs, environmental pollutants, etc.), as well as experimental
in vivo genotoxic response.

which humans c~
c effects of pestic
;)f food. as well a
Ither applicators.

Introduction
There ;u-e a number of possible ways
exposed to pesticides. ~d thus the to
may have consequences for consumer
production workers. formulatOrs and
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Little information is available on the effects of Vinclozolin
on CYP isofonns in manunals (Ronis ~t al., 1994); neither
has any characterization of the mammalian induction response
been conducted at the molecular level.

Therefore. we determined the capability of Vinclozolin to
modulate specific CYP isoforms in liver. kidney and lung of
treated mice. and expanded genotoxicity studies. using as end-
points micronucleus induction in bone marrow cells of mice,
and also chromosome damage in human lymphocytes exposed
in culture. The results will pennit the appraisal of the chain
of events leading to mutagenic and/or carcinogenic effects by
Vinclozolin.

Materials and methods

Ch~mlcals
NADP+. G6P. NADPH. 7-etho~y~orufin. Hlslopaque.IO77 and Acndl~
Orange we~ purchased from Sigma O1emlcal Co (51 Louis. MO. USAI.
G6PDH and phytohaemaglultnln we~ from Boehnnger (Mannhelm.
Gennany). pentoxYl'eSonJfin from Molecular Probes (Euge~. OR. USA).
r2bbit polyclonal antibody anti-CYP 2EI and 3AI/2 wete pun:hased from
O~ygene (Dallas. TX. USA) and Vinclozolln (chemIcal punty 99.5%) from
~b Service (Bologna. Italy) All other chemIcals and solvents we~ of
analyucal grade highest purity commercIally av8ilable

ChfDmosom~ aberration anol.\'sis In hllmDft I.\'mphocyl~s in Vitro
Blood was obtained from two healthy don~ by venous puncture. collected
Into hepanrnzed tubes 8nd gently shaken. The cultures we~ sel up In dupllC81e
uSIng 2X)0" Jympl)ocylcs. prevIously Isolated by densIty gradlenl In JO mJ
Roswell Park Memonal JnStJIUIe (RPMI) tIssue cultu~ medium (Glbco. UK).
containing 20% fetal bovine serum (Gibco). 1% phytohaemagluunln. glutAml~
I mM (Glbco) and 500 IU of penIcIllin and streptomycin (Gibcol. and
Incubated at 37.C and 5% C~ for 72 h. After 48 h of IncUbatlOll. the cultu~
were treated WIth Vinclozolln. dissolved In dimethyl sul~~lde (DMSOI. In
the presence and In absence of pilenobamital plus ~naphthoflavone'lnduc:ed
I2t liver 59 microsomal frxtion (Cantelll.Fortl ~f 01. 1984). A fortified
mixture contaIning 4 mM NADP+. 5 mM G6P. 8 mM MgCI2 and 33 mM
KCI In 100 mM phosphate buffer (pH 1.4) w. added to 59 pnor to
experiments (Cantelll.Foni ~f 01.. 19841. The dose levels fc.- Vinclozohn.
lesled up to the solubility limit. were I. 3. 10. 30. 100 j.tg/ml culture. The
positive conllOl substances were ethylrnethanesulphonate (120 j.tg/ml) and
cyclophosphamide (00 j.tg/ml) in Ibe expenrnents In the absence and In the
presence of metabolic activ8tlon. respectIvely The Iym~yte cultu~~ without
S9 mix were trealed with Vinclozolin fc.- 24 h. while the lympho-
cyte cultures WIth 59 mIx we~ exposed to the teSI compound only for 3 h.
after whICh Ihe growth mWlum was repl~d with fresh medIum Cultures
we~ treated with colcelnlde (final concentr2lton 0.1 j.tg/ml) 2 h prior 10
harvest (harvest time. 24 h after ~ment). Hypotonic lreatment for 10 mln
in 0.075 M KCI was followed by fixauon with methanoVgl~lal ~elic acid
(3'1). The slides were staIned In 5'1, G,emsa for 5 min.

o'romosome abernltons (CAs) were scored in 100 me..pnases ex:h donor.
200 me~ per sample. according 10 the classification cnlcria suggested
by SavaF (1976). Gap aberrauons were exclude4 from me 10tAi number of
CAs and considered separately. The number of aberrant metaphase-.. ~(erred
10 in the text as damaged ~lIs. and the number of CAs were counled

AniJllOls
Male and female SWISS Albino CDI mic:~ rNossan. Co=zzana. Milan. ItalYI.
weighing 28-30 g. -re used in the expenments They were housed under
conllOlI~ condluons (12 h light/dark cycle. n.c. 60% humIdIty). fed a
rodenl chow (Nossan) and had 18P waler ad "bll"m.

Micronuclei (MN) analysis
F,ve male mIce for each treatment were treated i.p. wlm dIfferent single doses
of Vinclozolin in com 011. c~nding to SO. 25 utd 12.5% of LD» LDYJ
was p~viously determined usIng SIX anImals for each dose. eight doses. and
calculated usIng the Litchfield-Wilcoxon method Ida.. not shown) Animals
lreated with com oil ~nted the solvent conllOl: cyclophosphamide (fX)
mgikg b.w.) and vinrnstin~ (0.1 m~g b.w) we~ Ih~ reference clastog~n
and the re(e~nce aDeUpiOldogen respectively Mice we~ k,lled huma~ly
24 h after lreatmenl. In accordance ..,th approved Horne Office procedures
appropriate 10 the Species. The frequency of MN '''as evaluat~ In polychro-
matic erythrocytes obtained by column fl2c:tlonslton of bone manow cells.
accOrding 10 Vigagnl and Norppa (/9951. Briefly. femoral cell& were ftushed
out ...;th felal calf serum rGlbco): tlte cellular ~u~nslon "'a.~ added on a
1.0 cm helghl cellulose column (ty~ SOl and ..'ash~ oul.\I.',m Hank's

Balanced Sail SolutIon (HBSS. Glhco/ WIth 3 15 drup/mln ,peed. The collecleU
cells "'rre sedlmenled by cenlnfugallon 11800 r pm. 5 mInI and resuspended
In fetal calf senlm The slides were prepared by cytocenlnfugatlon. alr-dned
and fixed In methanol for 15 mln Slides were sl3Jned In a solulion of A~lne
Orange (J 2.5 mg/ I (X) ml bufrr.r) for ro s accordIng In the method of Ha)'ashl
~t a/. (1983) Slides were then allowed 10 stJInd In buffer for 10 mIn. the
smears were 'wet' m<lUnted usIng the ph~phate huffer and observed for the
presence of MN In polychromatIc erythrocytes (PC~/. A lotal of 2(XX) PC~
were scored per anlm31 3nd data were summanled as the mean number of
mlcronucleated PCFJI(xx) PCE. In addition. the ratio between PCE and PCE
plus nonnochromallc elythrocytes (NCE) was also detennined Dunng the
scanng, the dlamele~ of the cell (D) and micronucleus (d) In each MNPCE
we~ compated directly under the microscope. If d ~'as < D/4. the MN was
classIfied as 'normal', while It was classified as 'Iatge' If d was> 014
When detennlnation by dl~ companion was difficult. the MNPCE was
photographed and measured. FunhemtOre. the MN we~ classified accordIng
to !he morphologtcal cntem used by Yamamoto and KIkuchi (1980), I.e
nonnal. double. multi. ring. crescent and large.

An'mQII~atm~nl and prrpcrratlon 01 subcellular Irtlrtlons
Pnor 10 e~penments. male and female mIce were dIVided randomly In group"
of Sl~ anImals each one. Vinc:lozoltn was suspended In com oil and admlnlslered
(I.p.) In a single (625 and 1250 mgikg) or ~pealed (750 mg/ltg. for 3
consecUtIve days) dose Conuuls ~eived vehicle only. under the same
condllions. MIce were starved 16 h pnor 10 death Liver, kidney and lung
were /Bpidly ~moved and S9 fractIon (9CXX> g) was prepared as prevIously
descnbed (Cantelli-ForiI ~I QI.. 1984). The post-mltodtondrial supernatant
was then cenU1fuged for 60 mln at 105 000 g. pellet resuspended and
centnfuged again for 60 mln at 105 (XX) g to gIve the final mIcrosomal
flBCUon The resultant washed mlCrosomes were then resuspended WId! an
hand-dnven Potter ElveJhem homogenizer In a Tns-HCI buffer contalnln&
EDTA and glycerol. Subcellular fractIons were Im~dlately frolen In liquId
nllrogen (-I96.C). stored at -80"C In a deep freezer and used WIthIn a week

CYP con/enl
The delenninabon of CYP was based on its ~duced CO-bindIng spectrum.
by the difference between the reduced fonn plus caft)on monooxide and
reduced fonn at 450-490 nm (Omura ~t QI_. 1964).

Cyp c.~duclas~ acI;vln'
The analytIcal met/K>d ;5 based on the determinatIon of the reductIon rate or
cytochrome c al 550 nm. essentIally accordIng to Bnx:e (1967). WId! the
followIng modincabons: carbon mooo~ide was used as an inhibItor or
cytochrome c~xidase (cytochrome aaJ) present as 8 contamlnanl In {he S9
fraction. reactio!, wu $tatted ~hen cytochrome c was added In lhe assay

Am'na".vnn~ N-d~/fIerh.vlas~ (APNDJ act,v;/."
The actlVtty was determined by quantificallon of CH20 release. according
to Mazel (1971). The total Incubation volume was 3 mi. composed of 0.5 mI
of a water solution of SO mM amlnopynne and 25 mM Mia}. 1.48 mI
of a 0.60 mM NADP+. 3.33 mM G6P In SO mM Tn.~O buffer (pH 7.4).
n.02 ml G6PDH (grade II) and 0.125 ml of sample. After 5 min of IncubatIon
at 37.C. the yellow colour. developed by ~ reac1ion nf the released CH::;o
with ~ Nash reagen! was read al 4 I 2 nm. and the molar absorptivity of
8000 used for cakulation (Nash. )953).

p-Nrrrop'henol /tydm.\:,-IQs~ (pNPH) acl,v,/.'
The actl\'ity '''as assayed ~ing the follO"'Ing reagents in a final volume of
2 mJ: 0 10 mJ p-nrtrqltlenoJ In 50 mM Tris-HCI buffer (pH 74). 5 mM
MgCI2 and a NADPH-genelBhng system consistIng of 0.4 mM NADP+.
30 mM 1S(XIt~te. 0.2 IU of isocitlate dehydrogenase and 0 5 mg of protein
(sample). After 10 mID 81 37"C. the ~Uon was terminated by the addlbon
of 0.5 ml of a 0.6 N perehlonc acId The p~p;tated procelnS were removed
by cenirifugallOn and I ml of the resultant supernatant was mIxed WIth I ml
10 N NaOH. ImmedIately aher mIxIng. the absorbance al S46 nm was
measured and Ihe 4-nllrOCalechol concenll3\1on detennlned utilizing the molar
e~tinction coefficlenl of 10.28 nM-1 cm-1 (Reinke ~t al.. 1985).

Penlo.\:,'~sorufin O.dealJ.:-IQS~ (PROD) and ~/hn.\:,.~.'n"'fin O.d~~th."'as~
(EROD) Qct""t;es
R~bon mixnlre consisted of 20 ml 0.05 M Tris-HO buffer (pH 74).
0.025 ~ MgCl}, 200 11M pentoxytesorufin. O.Og ml of sample and 130 mM
NADPH. The mte of resorulin formation al J7"C was calculaled by compannr
the mle of Increase in relabve fluorescence wi!h the "u~ence of known
amounts of resorofin (excitation 522 nm. emiSSion 586 om, (ReInke ~I 01..
1985) The EROD acuvllY was rneasuled ~x8Ctly in th~ sam~ manner as
descnbed ror PROD aclivllY. ~xcept Ihal the substrate (elho'~'resorufin)
COIICcnlrallOn was I 7 11M (Lubel ..t 01.. 1985).

Elho~'coumann O-d~~,h.vIQs~ (ECOD) QCIIV'/."
The aCII\'lIy '''as determIned by quanllnc311on of umhelllf~rone fnnnatlon.
:lCr:ordlng 10 Aluo [1978). The Incubation ml~lure ConSISted of ~.6 mi.
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IA total of 200 metaphases per treatment (100 metaphases each donor) was scored. G. gaps; B', chromatid breaks; B., isochromatic breaks; F, fragments: RR.
chromosomal rearrangements: %CA, percentage of chromosome aberrations without gaps; %DC, percentage of cells with at least one chromosome abelTation

~not gaps.
bp < 0.01 difference against solvent control according to the 1,2 test.

Table n. Frequency of polychromatic erythrocytes (PCE) with micronuclei
(MN) in mice treated with Vinclozolin

pectmm.
~ide and PCE/PCE + N~Treatment (mg/kgb.w.) PCE with MN/lOOO cells"

Negativ~ control 0.8 : 0.6
Solvent control (corn oil) 1.2: 0.6
Positive control (CP60) 20.4: 43c
Vinclozolin

312.5 1.2 : 0.2
625.0 3.4 : o.jd

1250 53 : 1.(1'

65.2 ~ 4.9

69.6 ~ 1.5

66.4 ~ 2.6
n rate of
with the
ibitor of
n the S9

lSSay.

70.0 ~ 0.6

78.0 ~ 5.2

67.0 ~ 4.6

ccording
» 0.5 ml
148 ml
pH 7.4),
cubation
~CH~
Itivilyof

"Each treatment group contains five mice and 2000 PCE were examined per
animal. Data indicate mean ~ SE.
bData indicate the percentage mean ~ SE of PCE valued on I <XX>
erythrocytes". NCE = horn1ochromatic erythrocytes.
CSignificantly different from the solvent control group (P < 0.01, X2 test).
dSignificantly different from the solvent control group (P < 0.05. r mil).

lilime of
1.5 mM
NADP+,
fprotein
addition
removed
:ith I ml
nm was
he molar

composed of I mM ethoxycoumarin, 5 mM MgCI2, 2 mJ of an NADPH-
generating system (see APND) and 25 ~ of sample. After 5 min of
incubation at 37"C, the reaction was stopped by adding 85 IJ.M of 0.31 M
tticbloroacetic acid. The pH of the mixture was brought to -10 by adding
0.65 m1 of NaOH-glycine buffer, pH 10.3; the amount of umbelliferone was
~ured fluorimetrically (excitation 390 nm; emission 440 nm).

Protein concentration
Pro~in concentration was determined according to the method of Lowry
(1951) and Bayley (1967), using bovine serum albumin as a standard and
diluting samples 1000 times to provide a suitable protein concentration.

Electrophoresis and West~rn immunoblot

Microsomes from both control and Vinclozolin treated mice were solubilized
in sodium dodecyl sulphate (SDS) and resolved by polyacrylamide gel
electrophoresis (PAGE) (Laemmly, 1970; Towbin et al., 1979). Western blot
analysis with polyclonal antibody (anti-CYP 2B I and 3A) raised against rat
hepatic CYPs 2B I and 3A (Dutton et al., 1989) was performed using hepatic
microsomes (0.025 mg of microsomal protein were electrophoresed each time)
and visualized with 4-chloro-l-naphthol in a 0.006% hydrogen peroxide
wlution.

RNA isolation and Northern hybridization
RNA was isolated from mouse liver tissue according to Chomczynski and
Sacchi (1987), and dissolved in 50 ~ SDS 0.5% at 65"C for 10 min to be
used for Northern blotting.

tRNA was separated according to size by electrophoresis and transferred
to a nylon membrane, prehybridized in 6 rnl of hybridization buffer for at
least 4 h; cDNA 2EI and 3A probes were labelled by using Bioprime DNA
labelling system. Hybridization with biotinylated probes was performed at
68"C overnight, and reaction with streptavidin-alkaline phosphatase conjugate
was used for identification (Sambrook et aI., 1989).

Statistics and computer analysis
Genotoxicity results were analysed by using the analysis of variance (one-
way) and the r test. Statistical analysis on biochemical data was performed
lISing Wilcoxon's rank method as reported by Box and Hunter (1978).

pH 74),

130mM

Imparlng
.f knClwn

(e ..101.,
anner as

e~ClnJfin)

and in the absence of microsomal 89 fraction obtained from
induced rat liver, did not increase the number of CAs signi-
ficantly per cell or the percentage of aberrant metaphases in
any concentration tested. The aberrations encountered were
mainly chromatid break-type aberrations. The range of CAs
of treatment groups (0.5-2.5%) were comparable with control
groups (0.5-1.5%), both in the absence and in the presence of
89 mix. The mitotic indices of all the cultures were approxi-
mately the same, with no relation to dose (data not shoWn).
Micronucleus analysis .
Data from a preliminary time-course study on the genotoxic
effects of Vinclozolin in bone marrow cells of mice showed
that Vmclozolin induced the major MN frequency at 24 h after
treatment (data not shown). For this reason 24 h was the
chosen sampling time.

Data of MN analysis after treatment of mice with three
different doses of Vinclozolin from 312.5 to 1250 mgikg b. w.
are shown in Table II.

There was no significant toxicity in any of the animals
exposed to Vmclozolin. The PCFJPCE + NCE ratio of the
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Results

Chromosomal analysis
The data of chromosomal analysis of human lymphocytes.
obtained from two different donors. exposed in vitro to
Vinclozolin at five subtoxic concentrations. are shown in
Table I.

Treatment of human lymphocytes with different doses of
Vinclozolin. ranging from 1 to 100 J.Lglml. both in the presence
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~:'4. Northern blot analysis of mR.N.A from liver of control (lane 2, com
oil pnJy). pregnenolone 16-0. carbomtnle (lane I. 100 mg/kg b.w.) or
~owlin.treated (lane 3, 750 mg/kg b.w. daily, for 3 consecutive days)
CDI mice. Total mRNA (20 ILg) from each sample were electrophoresed
and probed with a full-length cDNA 3A.
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Fig. 5. Northern blot analysis of mRNA from liver of control (lane 2, com
oil only), ethanol (lane I, 15% vlv, for 3 weeks, ad libitum) or Vinclozolin-
tJeated (750 mg/kg b.w. daily, for 3 consecutive days) CDI mice. Total
mRNA (20 1Lg) from each sample were electrophoresed and probed with a
full-length cDNA 2El.

The role of aneuploidy as a marker of carcinogenicity is
still questionable. Changes in chromosome number are rarely
associated with initiating events, but generally with the karyot-
ipic instability in the later stages of tumorigenesis (de G.Mitch-
ell et ai., 1995). However, induction of aneugenic events could
present ~ significant genetic disturbance in the germ and
somatic cells of mammals.

In our study, the morphology and size of 1vIN induced by
Vmclozolin is suggestive of a predominantly clastogenic mode
of action. Crescent shaped and large 1vIN are in general specific
to aneugenic compounds (Tmwell and Ashby, 1991), and the
slides for Vinclowlin showed clear induction of other classes
of aberrant MN (double, multiple, rings), indistinguishable
from those present in the cyclophosphamide-treated animal
group, which represents the clastogen colitrol. However, since
the fraction technique used in the present study and the
morphological characterization of the MN may understimate
.the effects of aneuploidogens (Vigagni and Norppa, 1995), it
IS still possible that Vmclozolin is an aneugen but not deteced
With the reported assay.

Activity observed for Vinclozolin in the bone marrow
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micronucleus assay give a strong indication that the fungicide
is an in vivo genotoxin. An interesting implication of this is
that Vinclozolin may initiate carcinogenesis in tissues which
may be promoted into sites of carcinogenesis (Ashby, 1992).

Vmclozolin has been shown to exhibit other toxicological
effects, which may be relevant to the process of carcinogen-
esis in vivo. .

A cell transforming activity was reported by Perocco et al.
(1993) in the BALB/c 3T3 assay. Since the cell transfonnation
assay can detect both carcinogens that act by a primary
genotoxic mechanism and those that act by alternative non-
genotoxic mechanisms [Lubet et al., 1990; International
Agency for Research on Cancer (lARC), 1991], transfonning
activity may indicate that Vmclozolin may promote to a more
malignant phenotype a background of cells initiated by the
fungicide itself, or present in the BALB/c 3T3 population.
A weak hepatopromoting or bepatocarcinogenic activity of
Vmclozolin, even if bepatocarcinogenicity has not been estab-
lished, has been suggested by Ito et al. (1994) who found a
significant increase in the rate of preneoplastic glutathione S-
transferase placental form positive foci in the rat liver.

In the present study, Vinclozolin exhibited a complex pattern
of induction and suppression of CYP isozymes, typical of
ergosterol biosynthesis inhibiting fungicides (Ronis et aL,
1994). In particular, it was found to selectively induce murine
CYP 2E1 isoforD1S in liver microsomes, as exemplified by the
significant increase in the bydroxylation of p-nitropbenol, and
corroborated by Western blotting, which is related to the
induction specificity. The amount of 2E1 cDNA recognizable
mRNA was increased in Vmclozolin treated mice, probably
due to stimulated transcription or stabilization of mRNA
(Kraner et al., 1993). The xenobiotic-mediated induction
process under conditions where the 2El enzymes were induced
(for acetone or ethanol treatment) is different (involVing protein
stabilization) from the acute phase of 2E1 induction (Song
et al., 1989). However, at high doses, also the typical 2E1
inducers are able to increase the enzymatic activity by mRNA
modulation.

Vinclozolin was also a selective inducer of CYP 3A in both
liver and bdney subcellular preparations, as recorded by the
marked increase of the APND activity and sustained by
immunoblotting analysis. Again, Northern blotting showed
that the amount of 3A cDNA recognizable mRNA was
increased in Vinclozolin treated CD 1 mice, suggesting that the
expression of such isoform is regulated at mRNA level. The
observed sex dependent differences in enzyme actiyation/
suppression could be explained in terms of quantitative or
qualitative differences in the isozymes, which are under the
control of sex hormones.

In general, Vinclozolin, is able to modulate the activity of
severa] CYPs and should be considered an 'unspetific' enzyme
inducer or suppressor. However, its activity is preferential
toward 2E1 and 3A CYPs. To our knowledge. this is the first
evidence of such specific induction by Vinclozolin in liver and
extrahepatic tissues. In agreement with the findings of Ito et aI.
(1994), the liver seems to be the most sensitive organ to CYP
induction, but some peculiar differences between liver, kidney
and lung inducibility have been observed. The reason for
differences in CYP induction in various tissues is not clear,
but probably reflects the different inductive susceptibility of
the CYPs in such tissues.

Hepatic metabolizing enzyme induction by Vinclozolin as
well as of intestinal enzymes, was also demonstrated in

~
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Sprague-Dawley rat and in the Japanese quail (Riviere et at.,
1983; Ronis et at., 1994).

From a toxicological point of view, probably the greatest
concern with enzyme induction is the possibility of enhanced
risk of cancer. It is well-established that bioactivation is a key
step in chemical carcinogenesis, and that CYP enzymes play
a key role in this respect.

Altered enzyme expression may be related to variation in
kinetic factors that affect tissue dosimetry, leading to cotoxicity,
comutagenicity and cocarcinogenicity (!ARC, 1991). Our pre-
vious study with the fungicide Fenarimol showed that perturba-
tion of drug-metabolizing enzymes by Fenarimol enhanced the
clastogenic effects of trichloroethylene in mice (Hrelia et at.,
1994b). Enhancement effects by Fenarimol were correlated
with a significant induction of CYP2B 1 and increased presence
of activated trichloroethylene metabolites in vivo. The increased
2El and 3A isoforms by Vmclozolin, in addition to the
alteration of endogenous metabolism where these catalysts are
physiologically involved, can exert a booster phenomenon
towardS the bioactivation of ubiquitous environmental pol-
lutants.

Moreover, cyP inducers may act as promoting agents in
the chemical carcinogenesis process, at least concerning CYP
2Bl, lA2 and 2El isoforms, by either pleiottopic response
(Lubet et at., 1992), or oxygen centred radical overproduction
(Bondy and Naderi, 1994). This increased production of
reactive oxygen radicals paralleling CYP induction can impose
a prooxidant status which points toward cancer (Cerutti, 1985;
Bast, 1986).

However, it requires >750 mg/kg/day Vmclozolin to
produce significant enzyme induction. The possibility that
turnouTS produced by Vmclozolin in some tissues of some
strains of some rodent species may arise from a secondary
mechanism, such as organospecific toxicity and resultant
induced cell division, if maintained at an appropriate level and
for an appropriate period (Clayson, 1989; Butterworth, 1990),
cannot be excluded.

In conclusion, the results presented in this study provide
valuable information to achieving a more complete and accurate
evaluation of the genotoxic/carcinogen profile of Vinclozolin.

Toxicity data obtained should be taken into account for the
assessment of the toxicological consequences of Vmclozolin
in human population potentially exposed. This is particularly
true for CYP 3A and 2El changes, which can alter the
metabolism of coadministered drugs, as well as xenobiotics.
biotransformed specifically by the 3A (glucocorticoids, macro-
tides) and 2El (alcohol, acetone) isozymes. This type of toxic
interaction between fungicides and other chemicals might also
produce toxic responses in inadvertently exposed wild life
(Ronis et at., 1994).

However, considering the high doses at which the
fungicide showed toxicological effects in rodents, and the
permissible concentrations to which humans may be exposed
(ADI 0.025 mg/kg/day; EPA, 1985), the carcinogenic risk
posed by Vinclozolin to humans seems to be minimal.
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Genotoxicity of selected pesticides in the mouse bone-marrow
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Abstract

Selected pesticides (aldicarb, 1,3-dichloropropene, methidathion, parathion, triadimefon, vinclozolin) were tested
for their clastogenic and aneugenic activities in the mouse bone-marrow micronucleus (MN) test in vivo and for their
sister-chromatid exchange-inducing activities in human lymphocytes in vitro in the presence and absence of an
exogenous metabolizing system from rat-liver S9. 1,3-Dichloropropene significantly increased the frequencies of
micronucleated polychromatic erythrocytes (PCE) in bone-marrow cells of female mice from 3.3 MN/lOOO PCE to
15.3 MN/lOOO PCE (187 mg per kg body weight). 1,3-Dichloropropene (100 11M) induced 16.0 SCE/metaphase after
24 h of incubation as compared with the basal rate of 11.2 SCE/metaphase ( - S9) and of 15.4 SCE/metaphase as
compared with 10.5 SCE/metaphase of die control (+ S9). These values were statistically significantly different from
each other. The other pesticides tested did neither increase the rate of micronuclei significantly in polychromatic
erythrocytes in male nor in female animals. Aldicarb and methidathion induced a significant increase in SCEs in
human lymphocytes in vitro only without the metabolic activating system: aldicarb, 5 11M. 24 h incubation: 15.5
ScE/metaphase; control: 12.6 SCE/metaphase; methidathion, 100 11M, 24 h incubation: 15.8 SeE/metaphase, control:
11.1 SCE/metaphase. 'parathion, triadimefon and vinclozolin did not have any SCE-inducing effects.

Keywords: Micronucleus test (MNf) in vivo; Bone-marrow; Sister-chromatid exchange (SCE) in vitro; Human
lymphocytes; Genotoxicity; Pesticides
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1. Introduction

Vast amounts of pesticides are used for agricul-
tural applications worldwide each year. Therefore
thorough studies of these xenobiotics are essential
in particular their effects on environmental sys-
tems and human health.

In the present study selected pesticides of differ-
ent chemical classes were tested for their clasto-
genic and aneugenic activities in the mouse
bone-marrow micronucleus test (MNT) in vivo
and for their sister-chromatid exchange (SCE)
inducing activities in human lymphocytes. Aldi-
carb and methidathion are acetylcholine esterase
inhibitors and are used as insecticides, nemato-
cides and acaricides. 1,3-Dichloropropene consists
of cis- and trans-isomers (1:1) and was used as soil
nematocide in vegetable- and tobacco-growing
agriculture. Parathion is an organophosph~te es-
ter and is metabolized in the organism via oxida-
tion and hydrolysis. Triadimefon belongs to the
chemical group of triazol ~rivatives and vinclo-
zolin to the oxazolidin derivatives, both are fungi-
cides.

2. Materials and methods

Pesticides tested were obtained from Pro-
mochem (Wesel, Germany; purity: aldicarb 99.CJO/o,
1,3-mchloropropene 95.00/0, methidathion 99.CJO/o,
parathion 98.6%, triadimefon 99.9%, vinclozolin
99.9%).

2.1. In vivo micronucleus test

In vivo micronucleus test was performed as
follows [1,2]. Each pesticide was tested in male
mice in four doses approximating 50, 80, 100 and
115% of published LDso values [3-5] and subse-
quently in female mice in two doses corresponding
to 80 and 1000/0 of these LDso values. By doing so,
the LD so was used to define a maximum tolerated
dose [2]. The lower number of treatment schedules
with female mice was chosen on account of the
negative results obtained with male mice in order
to save animals. Each dose was applied to four
female and four male NMRI mice. NMRI mice,

aged 7-12 weeks, body weight 25-35 g. were
supplied by Interfauna (Siiddeutsche Versuchstier-
fann, Tuttlingen). In each experiment cyclophos-
phamide (male: 600 mg/kg body weight; female:
450 mg/kg body weight) was used as positive
control. The pesticides were dissolved in 200 or
300 ~l com oil ('Mazola', Maizena, Heilbronn)
and administered to the animals by oral gavage.
As negative control only corn oil was; adminis-
tered. Because of the high concentration tested,
vinclozolin, however, had to be applied in six
portions (each 300 J1l of com oil as solvent) with
an intermission of I h between each application.

The animals were caged in groups by sex. Ap-
propriate diet and drinking water was supplied ad
libitum. Temperature (22° :t 2°C), relative humid-
ity (55%:t 5%) and day-night light cycles of 12 h
each were controlled as dictated by good animal
husbandry procedures. After 48 h the animals
were gassed with CO2, killed by cervical dislo-
cation and the femurs were excised A sampling
time of 48 h seemed to be more advantageous
than 24 h on account of findings by Vanparys et
al. [6], who reported higher numbers of micronu-
cleated polychromatic erythrocytes at that time
for seven of eight standard compounds. Using 5
ml fetal calf serum the bone marrow from both
femurs was centrifuged for 5 min at 200 x g. The
supernatant was discarded, leaving roughly 100 J1l
in which the pellet was resuspended carefully. One
drop of this suspension was spread on a slide of a
refrigerated glass top. Slides were prepared in
triplicate f9r each animal. The slides were m-
dried for 12 h, then staining was performed as
follows: first, the slides were stained for 3 min in
May-Grunwald solution, then for 2 min in a
solution of May-Grunwald/demineralized water
1:1 (v/v). Afterwards the slides were washed with
demineralized water, stained in Giemsa solution
for 10 min and washed again. After air-drying for
half an hour, 2 drops of Entellan (Merck, Darm-
stadt, FRG) were added. Then, 24 h later after
further air-drying the slides were prepared for
analysis.

These slides were coded for blind analysis. At
least 10Q0 polychromatic erythrocytes per animal
were scored for the presence of micronuclei. The
ratio of polychromatic to normochromatic ery-



S. Kevekordes et ai.1 Toxicology Letters B9 (1996) 3.5-42

throcytes was also detemrined by counting a total
of 1000 erythrocytes. Mean values and standard
deviations were calculated. To evaluate the statis-
tical significance of the results, the Mann- Whit-
ney- Wilcoxon test was used.

and third (M3) division. The proliferation index
(PR!) was calculated as follows: PRI = (I x
Ml + 2 x M2 + 3 x M3)flOO [10]. Furthermore,
30 metapbases were examined for sister-chromatid
exchanges for each concentration of the test-com-
pounds and the controls.

2.2. Sister-chromatid exchange test

3. Results and discussion

As can be seen from Table 1, none of the
pesticides aldicarb, methidathion, parathion, tri-
adimefon and vinclozolin increased the rate <>f
micronuclei in polychromatic erythrocytes signifi-
cantly neither in male nor in female animals in the
vivo mouse bone-marrow micronucleus test
(MNT). In contrast, 1,3-dichloropropene yielded
a significant increase in the frequency of micronu-
clei (MN) in female mice. shown more detailed in
Table 2. Surprisingly, nearly all means of MNI
1000 PCE as well as the PCE/NCE ratios were
higher in female animals as compared with male
ones. We have no explanation for these observa-
tions, though differences in background micronu-
cleus frequencies between males and females have
been reported for many common laboratory
strains of mice [2]. We have no reason to assume
that there is a technical cause for the differences
observed.

A significant increase (Mann- Whitney-
Wilcoxon test, P < 0.01) with a mean of 15.3
micronuclei per 103 polychromatic erythrocytes
was caused in female mice after application of 187
mg 1,3-dichloropropene per kg body weight. A
slight decrease in the number of micronuclei
(mean 14.9 MN per 103 polychromatic erythro-
cytes) was caused by 234 mg 1,3-dichloropropeoe
per kg body weight. Some authors proposed to
use male mice exclusively for micronucleus testing
of chemicals on a~uot of an assumed higher
sensitivity [11,12]. Analysis of available experi-
mental data with positive resul~s, however, pre-
sented separately for male and female animals,
showed little or no sex differences for about two-
thirds of compounds tested but a greater micronu-
cleus response of several substances in males or
females with no preference of either sex [2]. Our
results with an unique response of female mice

The sister-chromatid exchange test in vitro was
performed as follows [7-9]. For the human
lymphocyte in vitro sister-chromatid exchange
(SCE)-test cultures were set up from fresh human
blood, collected aseptically by venipuncture from
healthy non-smoking donors aged from 25-35
years. Each culture consisted of 0.3 m1 blood in
5.0 ml chromosome-medium (Chromosomen-
medium B PHA-M from Biochrom, Berlin FRG).
5-Bromo-2%o-deoxyuridine (Serva, Heidelberg,
FRG) was added to each culture at a concentra-
tion of 6 J1g/ml.

Cultures were treated with various concentra-
tions of each test c.ompound for 24 and for 48 h in
the absence of a metabolic activating system. In a
third experiment lymphocytes were treated in the
presence of rat-liver S9-Aroclor 1254 (Organon
Technika, Eppelheim, FRG) for 2 h (0.37 or 3.7
mg total protein content/ml culture medium). In
the case of metabolic activation rat-liver S9 was
added 48 h after the. start of culturing. Pesticides
were tested in concentrations up to a cytotoxic
response in the culture determined by an absence-
of dividing cells. All pesticides tested were dis-
solved in DMSO, pure DMSO was used as nega-
tive control.

In total, lympho~ were cultivated for 72 h
at 37°C. Two h before termination colccmid (0.4
~g/ml) was added. As positive control cyclophos-
phamide was used ~t a concentration of 10- s

molll with and without S9. The SCE frequencies
induced by cyclophosphamide were in the range
of 70 and 85 SCE per metaphase in the presence
and between 8.9 and 10.5 in the absence of 89.
The cells were harvested and slides were prepared
according to the method of Perry and Wolff [7]
for the analysis Qf sister-chromatid exchanges.
One hundred metaphases were scored to deter-
mine the ceO-proliferation. Each metaphase was
classified as being in the first (M1), second (M2),
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Table I
Frequencies of micronucleated polychromatic erythrOCytes in bone-marrow celIs of NMRI mice after pesticide treatment

Pesticide Highest tolerated dose (mg/kg b;w.)8 Sex MN/IO' PCB % s.D. PCE/NCE :t S.D.

AIdicarb 0.9
0.47
280
234
27.5
25
1200
1071
2.2
1.5
1150
I(MX)
Com oil
Com oil

Male
Female
Male
Female
Male
Female
Male
Female
Male
Female
Male
Female
Male
Female

4.00 t 1.83"
1..56:1: 0.72
0.40 t 0.42
14.9:t 1.4SC
1.13:1: 1.11
2.31 to.55
1.63 t 1.25
4.56 t 0.92
I.'so t 2.00
3.56:1: 0.85
2.00:1:0.73
5.44:1: 1.60
0.83:1: 1,50
2.81 :I: 1,30

0.51 :t: 0.09
1.35 .i: 0.15
0.64:t:0.18
1.85:t: 0.18
0.85:t: 0.05
1.54:t: 0.17
0.43 :t: 0.10

1.18 :t:0.13
0.76 :t: 0.29

1.55 :t: 0.22

0.73 :t:0.19
1.41 :t: 0.15

0.76:t: 0.39
1.60:t:0~

,3-Dichloropro~ne

Methidathion

Triadirnefon

Parathion

Vinclozolin

Control (n - 12)

-Mice were tested in the highest tolerated dose, i.e. when all animals survived.
bMean frequencies of micronuclei of four animals and the standard deviations are given.
MN, micronuclei; PCB, polychromatic erythrocytes; NCE, nonnochromatic erythrocytes; S.D., standard deviation; b.w., body
weight; n, number of animals. In each group a positive control with cyclophosphamide (female mice: 450 mg/kg b.w.; male mice:
fiX) mg/kg b.w.) was performed.
"Statistically significant in the Mann-Wbitney-Wilcoxon test (P<O.OI).

many stabilized, stabilizers may be genotoxic.
Two oxidation products of 1,3-dichloropropene,
epichlorohydrin and 1,3-dichloro-2-propanol are
known mutagens [15). 1,3-Dichloropropene of
high purity was shown to be mutagenic in
Salmonella only with metabolic activation [16-
18J. Trade. products with 1,3-dich1oropropene
were mutagenic in Salmonella with and without
metabolic activation because of impurities the
technical product contains [13,15,18J. 1,3-
Dichloropropene induced squamous cell car-
cinoma and papilloma in mice [19]. In 1985 the
U.S. EP A classified 1,3-dichloropropene as a sub-
stance with carcinogenic potential [20J.

With 24 h incubation time, aldicarb showed a
mean of 12.6 SCE/metaphase up to 15.5 SCEI
metaphase for the highest concentration of the
test-compound (5 IlM) (P < 0.05, one-sided [-
test). After 48 h incubation time there was a mean
increase of 10.8 SCE/metaphase up to 14.0 SCEI
metaphase for the highest concentration of the
test-compound (5 1lM) (P < 0.01, one-sided [-
test). These effects were only ascertained in cul-
tures without the metabolic activating system,

with respect to 1,3-dicbJoropropene support the
concept of using male as well as female animals to
check for micronuclei-inducing pesticides. Other-
wise positive results may be missed.

In vitro 1,3-dichloropropene induced increases
in SCE-frequencies in human lymphocytes with
and also without addition of an exogenous metab-
olizing system (P < 0.01, one-sided t-test) (Table
3). The assay with 24 h incubation time showed a
mean induction of 11.2 SCE/metaphase up to 16.0
SCE/metaphase for the highest 1,3-dichloro-
propene concentration (100 ~M). After 48 h incu-
bation time, the mean of 9.4 SCE/metaphase
increased to up to 23.0 SCE/metaphase in the
highest concentration tested (100 ~. In the
presence of an exogenous metabolic activating
system (rat liver S9), however, the mean basal
SCE rate of 10.5 was elevated up to 15.4 after
application of 100 ~ 1,3-dichloropropene.

1,3-Dichloropropene (purity 95%) may contain
a number of impurities, such as l,l-dichloro-
propane, that was mutagenic in Salmonella [13}
and induced chromosome aberrations [14]. Pure
1,3-dichloropropene is instable and therefore nor-
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Table 2
Induction of micronucleated polychromatic erythrocytes in bone-marrow cells in NMRI mice after treatment with 1.3-dichloro-
propene

MN/IO' PCE:tS.D. PCE/NCE:t S.D.Dose (mg/kg b.w.) Nwnber of animals

2.0
85.0
1.60.1: 0.148
0.40 :f: 0.42

0.39
0.10
0.42;t0.l0
0.64;t0.18

4
4

Male mjc:e

0
600 CP (pos. coDtrCll)
140
280

female mice
0
450 CP (pas. control)
187
234

1
4
4/3b

3.3
15.8
IS.3:t I.SSC
14.9:t 1.458

1.35
0.82
1.56:t 0.19
1.85:t 0.18

-Mean and stand-.rd deviation.
bNumber of animals that survived.
CPo cyclophosphamide; MN, micronuclei; PC£. polychromatic erythrocytes: NCE. nonnochromatic e~rocytes; b.w.. body weight.
cMann-Whitney-Wilcoxon test (P<O.OI).

SCEs and they were negative in the recombination
test with Saccharomyces cerevisiae D3 [29-31].
Our own investigations did not show any evidence
for genotoxicity of triadimefon and parathion nei-
ther in the Salmonella test nor in the sister-chro-
matid exchange assay [28]. Triadimefon as well as
parathion did not induce micronuclei' in NMRI
mice (Table 1). Maronpot et aI. tested parathion
in a tumor-induction-bioassay with mice [32]. A
conceivable carcinogenicity of parathion was indi-
cated by a significant increase (P < 0.05) of pul-
monary tumors in mice. Data concerning the
carcinogenicity of triadimefon and parathion are
not available to date.

In our own investigations, vinclozolin did not
show any effects in the MNT in vivo (Table 1),
the SCE in vitro and in Salmonella [28]. Vinc1o-
zolin neither was genotoxic in the DNA-repair
test with Bacillus subtilis M17 and M45 nor in the
mouse lymphoma test nor in the HGPR T test
with CHO cells [33]. Two studies concerning the
carcinogenicity of vinclozolin did not show any
effects in NMRI mice and Sprague-Dawley rats
[33]. .

whereas in the presence of rat-liver S9, no
genotoxic response could be detected (Table 3).

Aldicarb was neither mutagenic in Salmonella
nor in Escherichia coli WP2 uvrA [21,22], but it
induced chromosomal aberrations in human
lymphocytes [23]. There were no indications for a
carcinogenicity of aldicarb [24-26].

Methidathion induced significant increases
(P < 0.01, one-sided I-test) of SCE-frequencies in
human lymphocytes in vitro only in the absence
of rat liver S9 (Table 3). For an incubation time
of 24 h. the mean of 11.1 SCEjmetaphase in-
creased to 15.8 SCEjroetaphase in the highest
concentration of the test-compound (100 ~M).
After 48 h a mean rise of 10.6 SCEjmetaphase up
to 15.4 SCEjmetaphase for the highest concentra-
tion of the test-compound (100 ~ was detected.
These results were confinned by investigations
with the cell line V79 Chinese hamster lung [27].
Methidathion occured to be negative in
Salmonella and in the MNT in vivo in our own
investigations ([28]; Table I).

Triadimefon and parathion were shown to be
not mutagenic in Salmonella and Escherichia coli
WP2 [29,30]. These substances did not induce
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Table 3
Induction of sister chromatid exchanges (SCEs) in cultured human lymphocytes by aJdicarb. 1.3-dichloropropene. methidathion.
triadimefon. parathion and vinclozolin

59 Incubation time (h) Concentration (jUnol/l)

Aldicarb 0 0.5

24

48

12.6.i:;4."
1.8b
10.B.i:;4.3
2.0
12.0 .i:; 4.9
2.0
8.9.i:;3.S
1.3
0

11.4f; 5.6
1.8
13.1f; 5.0
1.9
15.0 f; 4.7
2.0
a.d.

I

IS.S:t: S.'-
1.9
1~.O:t: S.3--
2.1
12.7 :t;~.7
1.9
9.8:t;3.9
2.1
100

O~l.

12.5.f: 5.1
1.7
12.8 .f: 5.3
1.7
12.6.f: 5.5
2.0
9.8 .f: 2.6
1.8
10

2

1,,3- DichJoropro petie

~

48

8.7:t 3.7
2.2
9.1 :t4.3
2.1
IO.O:t4.:
1.1

10.1 % 4.0
21
9.4 % 3.5
20
9.1 %3.6
1.8
10

16.0 f: 5.3--
1.6
23.0 f: 7.0*-
2.1
15.4 f: 4.3--
1.5
100Methidathion

24

48

11.2:t 4.J&
1.8b
9.4:t 3.7
1.8
10.S:t 4.3
2.0
0

11.1 :t 4.r
2.Gb
10.6 :t4.5
2.1
11.4 :t 4.7
1.7
0

10-'
2.0
12..
2.2
10-'
1.9
100

n.d.

8.5 :r. 3.6
1.9
n.d.

50

1S.~
2.8
IS.~
2.0
12.~
1.9

18

Triadime{on

24

48

n.d.

8.8 :t 3.
0.6
n.d.

10

10.0.t; 3.9
1.5
11.0.t; 3.6
2.0
10.1 :t 3.8
1.4
100

11.2 j: 3.6
1.3
n.d.

9.9:t4.4
1.4

24

48

8.8 % 3.3
2.2
9.2 %3.4
2.3
11.5%3.1
2.:1

2

8.9:t; 3.4-
2.1~
9.1 :t;3.S
2.2
9.1 :t;3.4
2.2

9.3:t 2.7
1.5
8.7:t 3.8
1.9
10.9:t 4.2
1.8

Number of samples examined were as described in Materials and methods (Section 2). aMean and standard deviation. bProliferation
index. "mg protein per ml culture. n.d., not determined. .P<O.OS (one-sided I-test); ..P<O.OI (one-sided I-test).
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MmSter ovary (CHO) cells. Thus. estrogenic
and antiandrogenic activiries have been found
in a. nwnbcr of pesticides. and ir is conceiwble
that many ocher pesticides also have esrrogenic
and/or a.nriandrogenic activity.

Transacrivarion or reponer gene assay.
which is a powerful tool for testing receptor
agonists and antagonists among chemicals. has
been ~lished as a method for evaluating rhe
receptOr activity of chemicals. However, many
compounds a.re independently evaluated for
ER or AR activity by different reponer gene
assays. This may lead to confiJSion in rheeval-
uation of their potential as endocrine-disrupt-
ing chemicals. In addition. rhe recent cloning
of a gene for a second estrogen receptOr. ~.
by Kuiper et aL (1996) led to rhe discovery
chat ERf3 and rhe classic ERa differ in their
ligand binding abiliry a.nd transactivarion
properties (Kuiper er aI. 1997; McInerney
er aI. 1998). Therefore. a screening system
involving both ER subtypes (a and Ii) is
req~ to completely evaluate rhe endocrine
disruption pOtencial of environmental estro-
gens. Previously. we reponed highly sensitive
reponer gene assays using CHO cells for
detecting ERa a.nd AR agonists/antagonistS
ftom chemicals. a.nd demonstrated rha.r the
diphenyl ether-type herbicide chlomirrofen
(CNP) a.nd its amino derivatives (CNP-amino)
possessed both anriandrogenic a.nd csrrogenic
activities (Kojima et aL 2003). In the present
study, we screened a tOtal of 200 pesticides
using our reporter gene assay systems for
detecting rwoER subtypes. ERa and ERIi.
and AR activities. These pesticides. including
several well-known estrogenic and antiandro-
genic pesticides such as DDT and vinclozotin.
were selected according to the frequency of
their use in Japan and ocher countries. both
currendy and in rhe pasr. They arc classified

We tested 200 pesticides, including some of their isomers and metabolites. for agooism and antago-
nism to tWo human estrogen receptor (hER) subtypes, hERa and hERl:\, and a human androgen
receptor (hAR) by highly sensitive u:msacrivation assays using Chinese hamster ovary cells. The test

compounds were classified into nine groups: organochlorines, diphenyi ethers, organophosphorus

pesticides. pyrethroids. carbamates, acid amides, triazines, ureas, and others. These pesticides were
tested at concentrations < 10-5 M. Of the 200 pesticides tested, 47 and 33 showed hERa- and

hERl:\-mediated estrogenic activities, respectively. Among them. 29 pesticides had both hERa and
hERf:I agonistic activities, and the effects of the organochlorine insecticides I:\-benzene hexadtloride

(BHC) and 6-BHC and the carbatnate insecticide methiocarb were predominandy hERI:\ rather

than hERa agonistic. Weak antagonistic effects toward hERa andhERf:l were shown in five and
cwo pesticides, respectively. On the other hand, none of tested pesticides showed bAR-mediated
androgenic acrivity, but 66 of 200 pesticides exhibited inhibitory activity against the transcriptional
activity induced by 5a-dihydrotestosterone. In particular, the antiandrogenic activIties of tWo
diphenyi ether herbicides, dtlomitrofen and dtlomethoxyfen, were higher than those of vinclowlin
and p,p'-dichlorodiphenyi dichloroethyiene, known AR antagonists. The results of our ER and AR
assays show that 34 pesticides possessed both estrogenic and antiandrogenic activities, indicating
pleiotropic elfects on hER and bAR. We also discussed chemical structures related to these activi-
ties. Taken together, our findings suggest that a variety of pesticides have estrogenic and/or antian-
drogenic potential via ER and/or AR, and that numerous other manmade chemicals may also

possess such estrogenic and antiandrogenic activities. Key words.' antiandrogenic activity, Chinese
hamster ovary cells, estrogenic activity, human androgen receptor, human estrogen receptor a,
human estrogen receptor 1:\, pesticide, reporter gene assay. Enviran Health Pwspea 112:524-531
(2004). doi:10.1289/ehp.6649 available via http://J;r.Joi.orgl[Online 3 December 2003]

It has been well documented that several
chemicals from agricuJrural. indusrrial. and
household sources possess endocrine-disrupt-
ing properties, which provide a potential threat
to human and wildlife reproduction (Colborn
1995; Colborn et al. 1993; Jensen et al. 1995).
A suggested mechanism is that these environ-
mental contaminants alter the normal func-
tioning of the endocrine and reproductive
system by mimicking or inhibi~ endoge-
nous hormone action. modulating the produc-
tion of endogenous hormones, or altering
hormone receptor populations (Sonnenschein
and Soto 1998). A major mechanism of
endocrine disruption is the action of chemicals
as receptor agonists or antagonists through
direct interaction with hormone receptors.
thus altering endocrine function. In particular,
chemicals mimicking endogenow estrogen via
esuogen receptor (ER) have been the focus of
research for the last 20 years. Meanwhile,
recent studies have shown that several chemi-
cals may exert antiandrogenic effea by inter-
fering with androgen receptor (AR; Sohoni
and Sumpter 1998; V"mggaard et aI. 1999).

Pesticides commonly used to concrol ~gri-
cultural and indoor pests are the most likely
swpecrs as endocrine disruptors. The ubiqui-
[oUS narure of pesticide usage with minimal
precautions has resulted in contamination of

food. the workplace. and the environment.
Recent reports showed that several pesticides
exert esrrogenic and antiandrogenic activities
through interaction with estrogen and andro-
gen receptors. To date.p.,-dichlorodiphenyl
trichloroethane (DDT) (Welch et aI. 1969).
methoxyd1lor (Bulger et aI. 1978; Cummings
1997). ~-benzene hexachloride (BHC)
(Coosen and Vdsen 1989). endosulfan. roxa-
phene. and dieldrin (Soto et aI. 1995). and
fenvalerate (Garey and Wolff 1998) have been
reported as estrogenic pesticides. Recently.
Andersen et aI. (2002) have reponed that sev-
eral currendy used pesticides. such as methio-
carbo fenarimol. chlorpyrifos. deltamethrin.
and tolclofos-methyl. possess estrogenic activ-
ity on the basis of cdl proliferarion assay and
transactivation assay using MCF-7 human
breast cancer cells. On the other hand. stUdies
have also revealed anciandrogenic pesticides.
such as vinclozolin and p., -dichlorodiphenyi
dichloroethyiene (DDE) (Kelce et aI. 1994.
1995). DDT isomer and methoxychlor
(Maness et al. 1998), linuron (Gray et al.
1999; Lambright et aI. 2000), procymidone
(Ostby et aI. 1999). and feniuothjon (Tamura
er aI. 2001). Andersen et aI. (2002) reported
that dieldrin. endosulfan. mechiocarb. and
fenarimol possessed antiandrogenic aCtivity on
the basis of uansacrivation assay using Chinese
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Table 1. Tha 200 pastic~~ tasted in the reporter ge_ne assays for hERa, hERp, and hAR.

5roup,~
1. Organoclllon... In. ~

Aldrin
a-8HC
P-BI«:
y-BHC
6-BHC
Captan
cis-Chlordane
t/a/l9-Chlordane
Chl~zilate
ChloropDpyiat8
Chlorothalonil
o,p:OOT
p,p..OOT
p,p'.OOE
p,p'-OOO
Oichlobenil
Oicofol
Oieklrin
a-Endosulfan
~Elldosulfan
Endosulfan sulfate
Endrin
Folpet
FIhalide
Heptachlor
HePtadlIor elXlxide
Methoxychlor
Pentachiorop~1
Ouintozene

2.0iphenytethers (n= 11.)
Acifluorfen
Acifluorfen-methyi
Bifenox
Chlomelhoxyfen
Chlomitrofen
Chlomitrofen-amino
Chloroxuron
Oidofol>-methyt
Fluazifop-butyl
Nitrofen

IOxyfiuorfen
3. Organophosphorus pesticides

(n=56J
AcephBte
Anilofos
Bromophos-ethyl
Bromophos-methyi

-Butamifos
Chlorpyrifos
Chlorpyrifos-methyl
Cyanofenphos
Cyanophos
Oiazinon
Oichlofenthioo
Oichlorvos
OimetOOate
Oioxabenzofos
.Oisulfoton
EPN
Edifenphos
Ethion
Ethoprophos
Fenamiphos
Fenchlorphos
Fenitrotl1ion
Fenitrotl1ion OXO1
Fensulfotl1ion
Fenthion
Glyphosate
Iprobenfos

G~. ~und :"::
(

Isofenpi1os c :
lsoxathion
leptophos
Malathion
Mecarbam
Methamidophos
Methidathion

Methyt-parathioo

Monocrotophos
Parathion
Phenthoate
Ph~ate
Phosalooe
Phosmet
Pipeto~s
Pirimipi1os-rnethyl
Profenofos
Propaphos
Prothiotos
Prothiotos oxon

Pyridaphenthion

Quinalphos
Terbutos
Tetradllorvinphos
Thi~n
T olclotos-rnethyl

Tolclotos-methyloxon
Trichlmon
Vamidothion

4. PynIthroids In= 121
Cyfiuthrin
Cyhalothrin
C~rmethrin
Deltamethrin

Etofenprox
Fenvalerate
Aucythrinate
Auvalinate
Permethrin
PyretiIrin
Tefluthrin
Tralomethrin

5. Carbarnates In = 221

Bendiocarb
Benomyl
Carbaryl
Cafberxlazim
Catbofuran
ChI~ham
Diethofen:arb
Dimepiperate
EslWQCafb
Ethiofencarb
Fen~arb
ISqlrocarb
Methiocarb
Methomyi
Molinate
Dxamyi
Phenmedipham l
Pirimicarb I
Pyributicarb
Thiobencarb
Thiobencarb sulton
Thiram

i.Acidamidesln-111
Aladllor
Asulam
Cafenstrole
AUtolanil
Mefenacet

Group.~d
Mepro.wl
Metalaxyi
Met~ad1lor
Pretils:!IIor
Propyzamide
Thenylchlor

7. Triazines (n~ 7)

Anilazine

A1razine
Metribuzin
Pro~ton

Pro~tryn
Simazine

Simetryn
8.Ureas(n=8I

Bensulfuron-methyl
Daimuron
Diftubenzuron
Diuroo
linuron
PeJ1CYClKOO

Prochloraz

Propanil
9. Others In . 44)

Amitraz
Benfuresate

Bentazone
Benzoxilrete

Biphenyt .
Bitertanot

Bromopropyiate
Chinomethiooat
ChIOfidazon
Dazomet

Diquat
Etho~uin
Fenarimol

Ferimzone
Auazinam

Imazalil

Imidacloprid
Iminoctadine
Indanotan
loxynil octanoate

Ipmdione
Isoprothiolane

lenacil
4-Chloro-o-toloxyacetic acid

(MCPAI
2.4-0ichloro~noxya:etl: acid
(2.4-DI

Paraquat
PerwJimethalin

2-Phenyiphenol
Probenazole
Procymidcxw
Propiconaz~
Pyrazoiynate

Pyrazoxyfen
Pyroquilon
Sethox-"jim
Thiaben~e

Thiocyclam

Th iophanate-methyt

T riadimefon

T ricyclazole

Triftumizole
Trifturalin
T ritorfne

VincJozolin

inro nine groups according to similarities in
their chemical struCture and are discussed on
me basis of the relationships betWeen chemical
struCtUre and acrivity via hormone receptOrs.
In rhis article, we provide evidence char a vari-
ety of pesticides have estrogenic and/or ancian-
drogenic porencial via ER and/orAR and mat
meiracriviries are rdated to cfiemical srruCture.

.Materials and Methods
Chemie4is. I7fi-Estradiol(E2; > 97% pure),
5a-dihydrotestosterone (DHT; 95% pure),
and tamoxifen citrate (98% pure) were pur-
chased from Wako Pure Chemical Industries,
Ltd. (Osaka, J~n). The 200 pesticides rested
in the present srudy are listed in Table 1.
These pesticides were purdtased &om Wako,
Sigma-Aldrich (St. Louis, MO, USA), Dr.
Ehrenstorfer GmbH (Augsburg, Germany),
AccuStandard Inc. (New Haven, CT, USA),
and Hayashi Pure Chemical Industries. Ltd.
(Osaka, Japan) and had a purity of 95-100%.
Dimethylsulfox.ide (DMSO) was also pur-
chased as a vehicle from Wako.

E2 and DHT were stored as a I-mM
srock solucion in DMSO at -20°C. Pesticides
were dissolved in DMSO to a final concentra-
cion of 10 roM, except for asulam, paraquat,
diquat, iminOCtadine,glyphosate, and carben-
dazim, which were direCtly dissolved in the
medium, and all pesticides were dilUted to me
desired concentrations in phenol red-free
Dulbecco's modified Eagle medium plus
nUtrient miXture Ham's F-12 (DMEM/F-12)
immediately before Ufe. The final solvent
concentratio~ in the culture medium did not
exceed 0.1 %, and this concen.tration did not
affect cell yields.

Cell line anti cell cult.rt conJitions.
CHO-KI cells were obtained from the
Dainippon Pharmaceutical Co. (Osaka,
Japan). Penicillin-streptomycin solution
(antibiotics) and DMEM/F-12 were obtained
fr!>m Gibco-BRL (Rockville, MD, USA).
Fetal bovine serum (FBS) and charcoal-
dextran-treated (CD) FBS were obtained
from Hycione (Logan.lJf, USA). For routine
maintenance, cells were grown in DMEM/
F-12 supplemented with 10% FBS and
antibiotics at 37"C in an armosphere of 5%
CO2/95% air under saturating humidity
and passaged every week by trypsinization
with 0.25% rrypsin/O.02% ethylenediamine
teaaaceric acid (EDT A) disodium salt solucion
(Life Technok>gies, Paisky, UK).

ColUtTfIction of plamritls. The human
ERa ~) and AR (hAR) expression vectors
(pcDNAERa and pZeoSV2AR) were con-
Stru~ as previously described (Kojima et al.
2003). The ~ expression Vector was newly
construCted as follows: The ERfi cDNA was
cloned by reverse transcriptase-polymerase
chain reaction from human placental RNA
(Qontech, Palo Alto, CA. USA). The sequence EPN, D-elhyl D-p-nitrophenyl phenyiphosphonolhioate.

Environmental Health Perspectives. vaJM 1121 NIMS 5 1 Apri/2004 51.5
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of the cloned hERj3 cDNA was vetified and
was insened into the mammalian expression
vector pcDNA3.1Zeo(-) (Invitrogen. Sa.n
Diego, CA. USA), creating pcDNAERtJ.

The estrogen-responsive element (ERE)-

containing reporter plasmid pGL3-rkEREand
the androgen-responsive element (ARE)-
containing reporter plasmid pIND-ARE were
constructed as described pteviously (Kojima
et aI. 2003). pRL-SV40 containing the Rmi//a
luciferase gene was purchased from Promeg-a
(Madison, WI, USA) and used as an in(emal
control for uansfecrion efficiency.

RepOrtlr gene 4SSays/or hEJb., hElf;, tm4
hAR. The host CHO-K1 cdJs were plated in
96-well microtiter plates (Nalge Nunc,
Rochester, NY, USA) at a density of 8..400
cells/well in phenol red-free DMEM/F-12
containing 5% CD-FBS (complete medium)
1 day before transfection. For detection of
hERa or hERj3 activity, cells were transfeaed
wirh 5 ng pcDNAERa or 5 ng pcDNAERfJ,
50 ng pGL3-tkERE. and 5 ng pRL-SV40 per
well using the transfection reagent FuGene6
(Roche Diagnostics Corp., Indianapolis. IN,
USA). Fot detection ofhAR aCtivity, cells were
transfected with 2.5 ng pZeoSV2AR. 50 ng
pIND-ARE, and 5 ng pRL-SY40 per well.
After a 3-hr transfecnon period, cells were
dosed with various concentrations of test com-
pounds or with 0.1 % E>MSO (vehicle control)
in complete medium. For measurement of the
antagonistic activity to hERa, hERfi, and bAR.
eith~r 10-11 ME" 10-10 ME" or 10-to M
DHT was added ~ the cell cul~ along widl
the test compound, respectively (Figure 1).
After an incubation period of 24 hr, cells were
rinsed with phosphate-buffered saline (pI:l7.4)
and lysed wirh passive lysis buffer (50 IJUwell)
provided with the Dual-Luciferase Reporter
Assay kit (Promega). We measured the firefly
lucifelase activity with a MiniLumat LB 9506

luminomerer (Benhold, Wl1dbad, Germany)
before measuring Rmilia luciferase activity in
one reacrion tube with 5-11L aliquotS of cell
lrsares using rhe Dual-Luciferase Reporter
Assay kir. following the manufaaurer's instrUC-
tions. The firefly luciferase activity was normal-
ized based on rhe Rt'niila luciferase activity
of rhe cotransfected pRL-SY40.The values
shown are mean :t. SD from ar least three inde-

pendent experimentS.
We evaluated rhe resultS for the agonistic

activines of rhe pesti.cides by rdative activity,
expressed as REC20 (20% relative effective
concenuanon)-that is. rhe concenuanon of
rhe rest compound showing 20% of rhe activ-
icy of 10-10 M E2' 10-9 M E2' or 10-') M
DHT for ERa, ERI3. or AR, respectively.
When rhe activity of me rest compound was
higher than REC20 wimin me concenrrarion
tesred (-10-8 to 10-5 M), we judged mepesti-
cide to be positive for activity. The resultS for
rhe antagonistic activities ofrhe pesticides
were expressed as RIC20 (20% relative
inhibitory concentranon), char is, me concen-
rration of rhe rest compound showing 20%
inhibition of rhe aCtivity induced by 10-11 M
Eb 10-10 M Eb or 10-10 M DHT for ERa,
ERI3, or AR. respectively. When rhe activity
of rhe rest compound was higher rhan the
RIC20 within the concentration tested. we
judged the pesticide to be positive for
inhibitory activity. To avoid cell toxicity by
the pesticides, assays were performed for
pesticides ar concenrrations ~ 10-5 M.

Dat4IlnA/ysis. We evaluated rhe statistical
significance of differences using me Student's
~rest (two-tailed, equal variance) calculated
by softWare (Excel; Microsoft. Redmond,
WA, USA). The level of significance was
p < 0.05. Data are presented as rhe mean and,
whete shown, me SD of ar least three separate
experimentS wirh duplicate wells.
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Results
Response of 1713-E2 in E&l 4nd E/fJ 1USayS,
and of 5a-DHT in AR assay. Figute 1A
shows the dose-dependent uansacrivation of
ERa and E~ by 17fl-E2, indicating that
both teceptors can be activated at very tow
hormone concentrations. The maximal ERa
activity W2S achieved at 10-10 M E2 or more.

exhibiting approx.imately 10-fold that of me
con[rol solven[. The maximal ERfl activity
induced was 8.5-fold mat of the solven[
connol at 10-9 M ~ or more. Thus, ~ ~

more potent for ERa than for ERJi. Ftom
d1ese dose-response curves, REC20 values of E2
for ERa and E~ were deduced to be 2.5 x
10-12 M and 5.3 x 10-12 M, respeaivdy.

Figure 1 B shows the dose-dependen[
tt:anSactivation of AR by 5a-DHT. Its activ-
iry was detectable from 10-11 M DHT and
reached a plateau at 10-9 M DHT. The maxi-
mum inducrlonW2S 21-fold mat of the con-
nol solven[. The REC20 value of DHT for
AR W2S 3.1 X 10-11 M.

Estrogmic eff«ts of the pesticiJes. Table 2
shows the REC20 values and relative c:srrogenjc
acriviries at 10-5 M of pesticides evalua[ed as
positive for ERa agonistic activiry. As shown
in Table 2, 47 of the 200 pesticides were found
[0 induce esn-ogenic activity in the ERa assay.
A comparison of the potency of es[rogenic
activities among mcse active pesticides shows
thar the REC20 values of o,p'-DDT. Ji-BHC.
methoxychlor. and a-endo$ulfan among me
organochlorine pesticides, the CNP metabolite
CNP-ammo among the diphenyi ether pesti-
cides, and buramifos among the organophos-
phorus pesticides were all lower than 1~ M.
indicating iliar they possess potent estrogenic

activity.
The results of ERfl agonistic activity are

presented in Table 3. Thiny-mrec of 200 pes-
ticides increased the ~mediared rransacriva-
tion gene response. Twenty-nine of these
pesticides aJso have esn-ogenic activiry via ERa
(Table 2). The REC20 values of fl-BHC and
o.,-DDT among me organochlorine pesti-
cides. CNP-amino among [he diphenyl ether
pesticides, and memiocarb among the carba-
mate pescicides were lower [han 10-6 M.
However, butamifos. which showed po[ent
ERa agonistic activiry among me organo-
phosphorus pesticides, was inactive in me
ERfl assay. Dose-response curves of fl-BHC,
b-BHC. and merhiocarb for ERa and ERfl are
shown in Figure 2. These pesticides stimulated
E~ more strongly than they did ERa.

Antiestrogmic effects of the pesticides. Of
200 test pesticides. five (cyhalothrin. delra-
methrin, alachlor.'pyrazoxyfen, and uiHumi-
role) showed antiestrogenic propenies in me
hERa uansacrivation assay wim 10-10 M ~.
As shown in Figure 3A, 10-5 M of these pesti-
cides significantly inhibi[ed rhe estrogenic
response by 10-11 M ~ as did the well-known

. -14 -13 -12 -11 -10 -9 4 -7 v -14 -13 -12 -.:11 -10 -9 4 -7

log(M) 11~Ez log(M) DHT

Figure ,. Dose-response curves of (A) 1113-E2 and (B!Sa-DHT in ER and AR assays. CHD cells were tran-
siently transfected with expression ptasmids for (A) hERa or hEAr. or (8) hAR plus relative
receptor-responsive firefly luciferase reporter plasmids and a constitutively active Reni//8Iuciferase
expression plasmid (transfection and toxicity control). Cells were treated with increasing concentrations
of 17p-E2 or 5a-DHT to detect agonist activity. Firefly luciferase activity was normalized to ReninB
luciferase activity. Values represent the mean :t SO of three independent experiments and are presented
as mean n-fold induction over the vehicle control.
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effects of a large number of chemicals: on
estrogenic activity of 514 chemicals using a
yeast tWo-hybrid assay (Nishihara et aI. 2000)
and on binding ability of 188 chemicals ro
rar ER using a comperirive binding assay
(Blair et aL 2000). However. in these swdies
118 pesticides of 514 chemicals and 20 pesti-
cides of 188 d1emicals showed lirtle esuogenic
activity or lirtle binding ability to ER. respec-
tively. In addition. there is no repon on screen-
ing of ERf3-mediated estrogenic aCtivity &om a

Table 2. Responses induced by pesticide testing
positive in the ERn transactivation assay.

AEC20b
(M)

Il,At
(%1Group6. compound

2.5 x
4.5 x
3.5 x
5.6 x
7.4 x
1.1 x
1.2 x
1.3 x
I.B x
I.B x
2.0 x
2.1 x
2.2 x
3.2 x
..0.
8.b~
1;) '~
1:8~
U.
3.1 x
4.2 .
1.8-
8.7 x
1.3x
.1J~
2.1 x
Ux
2.5-
1t.
~7x
3.7 x
4.1 ~
4.2 ~
4.8 ~
5.7 ~
6.2 ~
6,6 ~
7.5 x
3.7 x
5,7 x
5.9 x
B.1 x
B.4x
7.2 ~
1.8 x
1.7x
2.5x

~.I ~

large number of chemicals. We previously
developed highly sensitive and specifi~ reporter
gene assays for ERa and AR (Kojima er aI.
2003), and in me present StUdy we csablished
the ERP assay by constructing the hERIJ
expression plasmid pcDNAERf} in our ~-
ing of 200 pesticides for their estrogenicity via
hERa/fi and androgeniciry via bAR. As a
result, we found esrrogenic acriviry for hERa in
47 pesticides and for hER/3 in 33 pesricides,
and anriesrrogcnic acriviry for hERa and ~
in five and rwo pesricides, respeccivdy. In me
AR assay, although none of the rested pesricides
sho\ved AR agonistic activiry, 66 of the 200 res[
pesricides surprisingly ShoWed anriandrogenic
acriviries. Thus, a number of pesricides were
newly found ro possess ER agonisric and/or
AR anragonisric acriviries in addirion to the
pesticides already reponed co be esrrogenic and
anriandrogenic. This suggests char our reporter
gene assays are highly sensirive and specific.

We classified 200 pesricides into nine
groups according ro their chemical suucrure:

Table 3. Responses induced by pesticide testing
positive in the ER~ transactivation assay,

R~b
1M)

RLAC
1%)Gro.v. compCMJOO

Abbreviations: EPN. G-ethyt G-p-nitrophenyl phenytphos-
phonothiOate; ALA relative luciferase ectivity.
'Nine compound groups are listed in Te~e 1 -Concentration
of the test compound showing 20% of the agonistic activity
of 10-10 M E2- 'Percentlge response It I concentration of
1n-5 M with 100% activity defined as the activity achieved
wiItIlo-lO M E2. ~LA of E2 is represented as the activity at
a concentration of 10-10 M.

Abbreviltions: EPN, G-ethyl O-p-nitrophenyl phenylphos.
phonothioate; RLA. relltive luciflraselctivity.
'Nine Colnpot.ld groups Ire lis18d in Table I. ~ncentralion
of till test compound showing 20% of tile agonistic activity
of IIr-'I M E2. "Percentage response at I concentrltion of
10-5 M with 100% activity defined IS tile ICtivity achieved
witillo-t M E2. ~lA.of E2 is represrnted IS thelctivity at.
concentrltion of 10" M.

ER antagonist tamoxifen (10-8 and 10-7 M).
The RIClO values of cyhalothrin. deltamethrin.
aIachlor. pyrazoxyfen. triflumizole. and tamox-
ifen for hERa were 9.0 x 10~ M. 8.1 x 10-6
M. 4.5 x 10-6 M. 6.0 x 10-6 M. 9.8 x i0-6 M.
and 3.2 x 10-9 M. respectively.

In the ~ transactivation assay of the
200 tested pesticides. only methoxychlor and
pyrazoxyfen were antiestrogenic. As shown
in Figure 3B. 10-5 M methoxychlor or pyra-
zoxyfen inhibited by more than 20% the
estrogenic activity induced by 10-10 M Ez. In
rhis assay. tamoxifen also showed anti-
estrogenic activities ar concentrations of 10-8
and 10-7 M. The RIC20 values of methoxy-
chlor. pyrazoxyfen. and tamoxifen for h~
were 9.0 x 10-6 M. 7.8 x 10-6 M. and 6.0 x
1 0-9 M. respective1y.

AJIJrogenic effictJ II/the pesticiJn. None
of the pesticides tested showed androgenic
rranscriptional activity of more than 20% char
induced by 10-9 M OHT at the tesred ~n-
cenr:rarions (data not shown).

An~ic ~ II/the pnticiJa. We
tested 200 pesticides for meirinhibitOty dfea
on the androgenic activiry induced by DHT
(10-10 M). The RIC20 values and relative
luciferase activities (RLA) of 66 pesticides eval-
uated as having an inhibitOry effect are sum-
marizedin Table 4. In particular. 13 pesticides
(11.p'-OOT. p.p-DOE. p.p'-DOT. cbJoro-
propylare. CNP. chlomethoxyfen. nirrofen.
CNP-amino, oxyfluorfen. fenirrothion. vin-
clo7.0lin. procymidone. and bromopropylare)
showed a porent anriandrogenic. effect with
RIClO < 10~ M. Among these active pesti-
cides. the RIC20 of cwo diphenyl ether-type
herbicides. CNP and chlomethoxyfen. were
4.3 x 10~ M and 6.8 x 10-8 M. respectively.
which is distinctly more potent than known
AR antagonists such as vinclozolin and
p.p'-DOE (1.6 x 10-7 M and 6.5 x 10-7 M.
respectively). In addition. weak antiandrogen
effects with RIC20 > 1 O~ M were found in
53 pesticides: 10 organochlorines. 2 diphenyi
ethers. 18 organophosphorus pesticides.
4 pyrethroids. 2 carbamares. 3 acid amides.
5 urea5. and 9 omm.

811th ER agl1nists ana' AR antagl1nists
in the pesticides. Table 5 summari7.es the
34 pesticides exhibiting dual activities as ER
agonists and ARantagonists. Among these
pesticides. organochlorine and organophos-
phorus pesticides were predominant. Above
all. 11.,.-ODT and CNP-arnino were the most
potent pesticides. having both estrogenic and
antiandrogenic activities.

CytOtOxicity was not observed for any of
the tested compounds at the selected dose
tange (data not shown).

Discussion

To our knowledge. there are cwo reports on
the screening of the endocrine-disrupting

527Environmental Health Perspectives. VOlUME 1121 NUM8ER 5 I April 2004

10-12-
.1Q-8

10-7
10-7
10-7
1Q-8
10-4
10-4
10-4
1Q-8
1Q-8
101
10-1
10-1
10-1
10-1
lit"
10-4
10-1
10-7
10-4
10-1
10-7
10-1
10-4
10-4
10-4
10-4
10-1
10-4
1D-f
10-1
10-1
10-8
10-1
10-1
10-6
10-4
10-4
10-4
10-4
10-4
10-4
10-4
10-4
1D-f
10-4
1D-f
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organochlorines. diphenyl ethers. organophos-
phorus pesricides. pyrerhroids. carbamares,
acid amides. rriazines, ureas. and ochers.

Organochlorine-rype pesricides should be of
rhe mosr concern among rhe nine groups of
pesticides suggested as candida res to be
endocrine disruptors. because of rheir global
disrriburion by widespread use and bioaccu-
mularion rhrough rhe ecosysrem by high
lipophilic properry (Kutt er aI. 1991; Simonich
and Hires 1995). Several of rhe"se compounds
(DDT, merhoxychlor, BHC,. endosulfan. and
dieldrin) have been reponed to possess estro-
genic acriviry by studies with animals and
cells (Bulger et al. 1978; Coosen and Yelsen
1989; 50to et al. 1995; Welch er al. 1969).
We have also dernofiSrrared chat o.p'-DDT.

fl-BHC,. methoxychlor,. a-endosulfan, and
cis(trans)-chlordane exert transcriptional
reponer acrivity via ERa and/or E~ by our
assays. In addirion, we newly identified estr0-
genic organochlorine pesricides such as dicofol,
chloropropylate. and chlorobenzilate, whose
chemical strUCtUres resemble those ofDDT and
its isomer (Figure 4). Among BHC isomers,
fl-BHC is most prevalent in the fatty tissues
because of its greater stabiliry, lipophiliciry.
and accumul~tion potential (Dejonckheere
er aL 1978). In the present study. ~BHC ~d
6-BHC exerted potent estrogenic activiry
especially via ERfj (Figure 2) but showed no
effect in the androgen assay. Moreover, we
also-found 14 anti androgenic pesticides
among the organochlorine pesticides. The
anriandrogenic properries of DDT isomers,
methbX}-chlor. dieldrin, and endr»u1fan have
already been reponed (Andersen et al. 2002;
Kdce et al. 1995; Maness et aL 1998). but in
the present study several other pesticides were
newly defined as AR anragonists. Alrhough
many organochlorine pesricides have weak
hormonal acrivity. their lipophilic narure and
long haJf-livesaIlow rhem to accumulare in

showed estrogenic aCtivity. This suggestS that
GNP-amino irsdt: rather than me srructure of
diphenyl ether. may contribute ro me rrans-
acrivarion of ERs. Neverrhdess. me greatest
concern of diphenyl ether pesticides as
endocrine-disrupting agents should reside in
meir potent ARanragonist activity. Recently,
Tomura er aI. (2001) demonstrated mar a
diphenyJ ether herbicide. nircofen. was anrian-
drogenic by rransacrivarion assay and rhree-
di~ensiona1 image analysis using COS-7
simian renal carcinoma cells. In me present
study. seven of 11 diphenyJ emer pesticides,
including CNP. CNP-amino. and nicrofen
showed anciandrogenic activity. and in

che fatty tissues of che body. increasing their
concentration and bioavailabiliry.

Diphenyl ether pesticides ate no longer
used, but a few decades ago this type of
chemical was exrensivdy used as an herbicide
due to its low cost and toxicity. We hav~
r~ported chat a diphenyJ echer-type pesticide.
CNP. and its amino derivative (CNP-amino)
act as born ERa agonists and AR antagonists
in vitro (Kojima. et aI. 2003). In rh~ presenr
stUdy, we additionally found thar: CNP-amino.
but not CNP, possessed an ERti agonistic
eff~Ct. and that except for flua.zifop-butyl.
which demonstrated ch~ weak ERa agonistic
aCtivity, no omer diphenyi ether-type pesticides
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Figure 2. Oose-response curves of (AI ~-BHC. 18) b-BHC, and (1;1 methiocarb on hERa- and hER II-mediated estrogenic activities, CHO cells were transiently
transfected with pcONAERa or pcONAER~. pGlJ-tkERE. and pRL-SV40 as described in "Materials and Methods," Cells were incubated with various concentra-
tions of (AI ~-BHC. (8) ~-BHC. or (CJ methiocarb. Values represent the mean.t SO of three independent experiments and are presented as percent induction. with
100% activity defined as the activity achieved with 10-10 M and 10-1 M Ez for ERa and ER~. respectively,
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Figure 3. Antagonistic effects of pesticides in the hERu and hER(3 transactivation assays. (AI CHO cells,

transiently cotransfected with pcONAERa, pGL3-tkERE, and pRl-SV40, were incubated with the vehicle
control (0.1% OMSO) or 10-5 M of cyhalothrin, deltamethrin, alachlor, pyrazoxyfen, or triflumizole in the
presence of 10-11 M E2' Effect of ER antagonist tamoxifen (-10-' to 10-7 MI was also measured as a posi-
tive control. Values represent the mean ~ SO of three independent experiments and are presented as per-

cent induction, with 100% activity defined as the activity achieved with 10-11 M E2. 181 CHO cells,

transiently cotransfected with pcONAERf3. pGL3-tkERE, and pRl-SV40, were incubated with the vehicle
control (0.1% OMSOI or 10-5 M of methoxychlor or pyrazoxyfen in the presence of 10-10 M E2. Effect of ER

antagonist tamoxifen (-1(}-9 to 10-7 MI was also measured as a positive control. Values represent the
mean ~ SO of three independent experiments and are presented as percent induction, with 100% activity

defined as the activity achieved with 10-10 M E2.

'Significantly different (p < 0.051 from vehicle control 1=100%1.
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hERa/B and hAR activities of 200 pesticidesArticle

particular. the anciandrogenic activities of
CNP and chlomethoxyfen were more porent
than those of known AR antagonistS such as
vindorolin and p.p'-DDE. Chlomethoxyfe.n is
struCtUrally similar to CNP and nirrofen as
well as the antiandrogcn drug fluramide and
the organophosphorus insecticide fenitrothion.
all of which commonly contain nitrobenzene
in the molecular structure (Figure 4). This
may be the key point in =ning AR antago-
nisrs from the multitude of chemicals
(Kojima et al. 2003).

Organophosphorus pesticides are widely
used in both agricultUre and pest control. We
found that a number of organophosphorus-
type pesticides possess estrogenic and/or anti-
androgenic activities. To date, it has been
reported that roldofos-methyi and quinalphos
act as ER agonists (Andersen et al 2002;
Chatterjee et at 1992) and that fenittothion.
pal:athion.and methyl parathion act as AR
antagonists (Sohoni et al. 2001; Tamura et al
2001). We also found that roldofos-methyi and
quinalphos haVe estrogenic activities via ERa
and ERj3, and that feniuothion. parathion.
and methyl parathion have anriandrogenic
acriviries via AR. Moreover, here we provide

!!ble 4. Inhibitory effects of ~ pesticl~ AR tram

have been reported to show estrogenic activities
in MCF-7 cdl proliferation and transactivation
assays (Chen et al. 2002; Garey and Wolff
1998; Go et al. 1999). In conrrast, Sairo et al.
(2000) reported that fenvalerate did not have
esrrogenicaaivity in vitro at a concenttation of
10-5 M. In our assays. five pyrethroid pesti-
cides including fenvalerate were shown to
increase transcriptional activity via ERa, and
tWO pyremroid pesticides decreased ERa acriv-
ity induced by 10-11 M~. This suggests that
several pyremroid pesticides may act as weak
ER agonists Ot antagonists. In addition. four
pyrethroid pesticides. were newly found to
have weak antiandrogenic activity, and three
of them (fenvalerate. flucythrinate, and

cyfluthrin: Figure 4) displayed pleiotropic
effects via both ERa and AR.

KIoa; et at. (1997) reponed that ~ car-
bamate insecticides (e.g.. carbaryl. methomyl,

Table 5. Thirty-four pesticides possessing both
estrogenic_a~ antiandrogenic activities in vitro.

hEHa hER~ lIARPesticide

1

1

11
1
1
1
1
1

1
1

tf

f
f

~~
~~
~~
~
~

~~

t
t
tRltmb

1M)
RlAf
I~)

RIC20b

1M)
II.A~
"'1GIOO~.CO~nd

--

DHT alone
1. o,p'-DDT

p,p'-DDE
p;p'-DDT
ChlO~ropyIate
Chiorobenzilate
Heptadllor epoxide
Dicofol
p,p' -ODD
p-Endosulfan
Methoxychlor
tlans-Chlordafle
cis-Chlordane
Dieldrin
a-Endosulfan

2. Chlomitrofen
Chlomethoxyten
Nitrofen
CNP-amino
Dxy1iuorfen

Bifenox
Acifluorfen-methyl

3. Fenitrothion
A.nilotos
EPN
Prolhiotos
Parathion
Methyl parathion
T olclotos-methyl

Piperophos
Ethion
Butamitos
Phosalone
Dichlotenlhion

5.5-
B.5-
7.1 x
72x
1.2x
1.3 x
1.8 x
1.8x
2.0 x
2.1 x
2.4 -
2.5-
2.8 -
6.9 x
4.3 x
6.8 x
3:4 x
8.3 x
B.7x
32-
B.9~
1.8 ~

,~-
1.9 -
2.2-
22-
2.3-
2.8 ~
3.0-
3.3~
3.3 -
4.5-
4.8~

49x
5.5 x
5.7 It
7.4x
7.8 x
8.7 x
9.4 x
6.6 x
6.9 x
8.4 x
9.2 x
2.8 x
9.4 x
5.4 x
5.& x
1.8 x
1.4x
1.5x
2.0~
3.4~
8.7..
1.6..
2.0..
5.3..
1.2 ..
2.6~
3.5 ~
4.2 ~
4.9~
5.0~
~.2~
7.0 ~
7.8~

t
f

:,.

t !!
!!tt

it
t
t
t

~
~
~
1

t
t
t
t

~
~

tt

t

t
t
t

G~1
ci~ChIordane
tlans-Chlordane .

D,p',DOT
p,p',DOT
p,p' -DOE
p.p'.DOO
ChI~ila1e
Chlo~P'f1ate
Dicofol
Dieldrin
a-Endosulfan
p-Endosulfan
Heptadlla epoxMie
Melhoxychl«

Group 2
Chtornitrofen (CNP)
CNP-amino

Group 3
Bromophos-ethyl
Bu1amifos
Dichlofenthfon
EPN
Ethion
lsofenphos
LeptoIXIoS
Prothiofos
Duinalphos
T olclofos-methyl

Group 4
Fenvalerate
Cyiluthrin
Fltx:ythrinate

Gro~ 5
Methiocarb

Group 6
Thenylchlor

Group 9
Bromopropyiate

Fenarimol
Pendimethatin

Symbols: t t, agonistic effect {RECIO S 10-1 MI; !, agonis-

tic effect (10-4 M <RE~s IQ-SMI: ii, antagonistic effect
(RI~ sltr1 M); !, an1agonistic effect {10-4 M < RICIO s
10-5 MI; -, no effect. EPN. a-ethyl O-p-nitrophenyl
phenyl ph 0 sp honothio e1a.

Abbreviations: EPN. D-etIIYI D-p-nitrophenyf phenytphosphonothioate: RIA. relative luciferase activity.
'Nine compound groups.re listed in Table 1. tconcentration of the test compound showing 20% inhibition of the andro-
genic activity induced by I~. M DKT. "Percentege response at a concentralion of 10-5 Mwith 100% activity defined as

the activity achieved with 10-" M DKT.
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new evidence that butamifos, prothiofos,
leptophos. cyanofenphos, ethion, bromo-

phosethyl, O-ethyl O-p-niuophenyl phenyl-
phosphonothioate (EPN), and didUofenrhion
induce ERa-mediated tranSCriptional activity at
concentrations lower than that of quinalphos.
In addition, we found that 19 organophos-
phorus pesticides, including fenitrothion,
parathion, and methyl parathion, possess
antiandrogenic actiVity. Thus, the similarity
in chemical structUre among these ~ticides
may be me primary cause for their estrogenic-
ity and/or antiandrogenicity. Interestingly.
organophosphorus pesticides displaying these
effects commonly contain a thiophosphotyl
residue (P = S), as shown in Figure 4, whereas
pesticides haVing an oxophosphotyl residue
(P a 0) such as prothiofos oxon, tolclofos-
methyl oxon, acephate, and propaphos show
few effects. This indicates that the estrogenic
and/oiantiandrogenic aCtivities of parent

compounds may disappear through oxidizing
metabolism in the enVironment or body.

Pymhroid and organophosphorus ~ti-
cides are me pesticides used most in Japan and
other countries. Several pyrethroid pesticides
(fenvalerate. permethrin.. and cypermethrin)

;criptionalactivity induced by DHT.

-
10-7
10-7
10-7
10-7
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onmyl) decreased estrogen- or progesterone-
responsive reponer genes at concentrations of
10-7 M in breast (MCF-7) and endometrial
(Ishikawa) cancer cells. However. Andersen
et al. (2002) reponed mat memomyi induced
no significant effectS in proliferation and ER
uansacrivarion assays using MCF-7 cells and
that methiocacb showed both estrogenic and
weak antiandcogenic properties. In our stUdy.
of the 22 carbamates rested only methiocacb
(see Figure 4) showed both estrogenic and
antiandrogcnic aaivities. and other carbamate
pesticides showed no ER or AR aaivity. Thus,
our results support the evidence of Andersen
et aI. (2002) but not mar ofKioa. er al. (1997).

Wirh regard to acid amide-type pesti-
cides. only one televant study was available.
Vonier er aI. (1996) reported the interaCtion
of the herbicide alachlor with the esuogen
and progesterone receptors from the oviduct
of the American alligator. They showed mat
thi5 pesticide competed with E2 for binding
to the ER. but the binding affinity was about

and prochloru. which have been shown to be
antiandrogenic in uiw. On chemical Struc-
ture, these pesticides have some similariries
(Figure 4). These suggest that DCPA and
pencycuron would also show antiandmgenic
activity in "i"o and should therefore be con-
sidered endocrine disruptors.

Among me triazine-type pesricides, arra-
zinc,. which is the most widely used herbicide
in the United Stares. has been reponed to be
antiestrogenic by yeast transacti~rion assay
(Tran et aI. 1996). In the present Study. seven
ttiazineoorype pesticides were tested, but none
showed any ER or AR activity. Friedmann
(2002) recendy reponm that atrazine aas as an
endocrine disruptor in rat males by direcdy
inhibiting Leydig cd! testosterone production.
Hayes et aI. (2002) hypodtesiu that auazine
induces aromarase and promotes dte conversion
of testosterone to estrogen in XmoplU /4ntis.
Thus. this type of pesticide may aen hor-
monal aaiyity dtrougit mechanisms other man
those associated Mdt ER and AR.

3.500-fold lower than that of £2. In our assays
using hERs and bAR. alachlor showed born
antiesuogenic activity via ERa and anriandro-
genic activity. This suggesrs that alachlor can
interact not only with alligator ER bUt also
with hERa and hAR. Furthecmore, among
13 acid amide pesticides, we newly found
thenylchlor to have bod1 estrogenic and anti.
androgenic activities. and mefenacer to possess

antiandrogenic activity.
Urea-type pesticides are mainly used as her-

bicides. Bauer et al. (1998) reported evidence
mat propanil (DCPA). linuron, and diuron in
phenyl urea herbicide have the ability to bind
to AR In addition. recent reports have shown

linuronandp~tUtobeantjandrogenic;"
II;tro and ;n 11;110 (Lambrighr et al. 2000;
Vinggaard Ct al. 2002). In OUt AR usay. five
urea-type herbicides (DCPA. pencycwon.
linuroa, prochloraz. and diuron) inhibited
aanscriptional activity by DHT, and tile ana-
androgenic activities of DCPA and pency-
cwon were more potent than those of linuron
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Article and hAR activities of 200 estiddes

hormonal activiry. In fact. we found it in a
number of pesticides. This is an important
point in idenrifying endocrine disruptors
from the multitude of chemicals commonly
in use. ~ We herein propose that many com-
pounds should be tested using the same
merhod and under the same conditions to
prevent confusion resulting from the use of
different methods. and an international agree-
ment should be reached for rhis purpose.
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In the present study. 44 pesticides that
could not be classified into the above eight
groups were coUccrivdy grouped as .others. .

The dicarf,oxyirnide fungicides vinclozolin and
procymidone are strucrurally similar and
showe:l potent antiandrogen dfeas. This result
co~ponded to d1Ose of other StUdies (Kelce
et at. 1994; Ostby et at. 1999). In addition.
brolOOpropylace, fenarimol, and pendimethalin
showed both estrogenic and antiandrogenic
properties (Figure 4). Because the chemical
StnJaWa of ~propylale and d1loropropy-
late are similar to those of 0 DT isomen, it was
thought that the two pesticides would have
similar effectS. The ;n lI;tro estrogenic and
antiandrogenic effects of the fungicide fenari-
mol have been abo ds:n"bed by AndeIXn et aL
(2002). The ~ of fenarimol in our assays
~ more potent man dea:ribcd in that StUdy.
likely because of the difference in rensitivity of
the -y systemS. The herbicide peodimethalin
has not been reported as having endocrine-
disrupting dfeas, and thus we are the 6m to
demonsuate the dfeas of dim pesticide.

To dare. no AR agonistS have been found
among environmental chemicals, and in this
study we also failed to isolate an AR agonist
from among 200 pesticides tested but identi-
fied G6 antiandmgenic pesticides. In addition.
although there are many ER agonistic pesti-
cides. mere are also quire a few pesticides with
otntiestrogenic properties. This phenomenon
is. as Sohoni and S~ (1998) pointed out,
quite enigmatic. Furthermore, we demon-
strated that a lot of pesticides possessed both
estrogenic and antiandrogenic activities.
Taken together. most of these chemical com-
pound. may act as ER agonistS and/or AR
an~onisu in rhe environment. a situation
leading to feminization in animals.

Our experimenu demonstrate that many
pesticides possess ;n lI;tro estrogenic and
antiandrogenic activities rhrough ERs and/or
AR. Although it appears that various pesti-
cides exert honnonal dfeca at concentnrlon-
orders ofmagnirude higher rhan thar required
for physiologic hor~ones, wide ex:posure ro
large numbers of these pesticides may have
additive and synergistic dfeca. .

The first aim of this study was rhe com-
prehensive evaluation of 200 pesticides for
in vitro estrogenicity and androgenicity under
the same conditions using one highly sensitive
and specific assay method. If differenr cells
and plasrnids were used in the assay. different
resultS may be produced. However. we believe
thar rhe reporter gene assays in the presenr
study are useful for identifying endocrine dis-
ruptors via ERs and AR from a large number
of chemicals. Such hormonal effecu are
expected ro be found nor only in pesticides
but also in other chemicals in the environ-
mentS. The second aim was the search for a
relationship between chemical suuCtUre and
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Cytogenetic Damage and Induction of Pro-Oxidant State
in Human Lymphocytes Exposed In Vitro to Gliphosate,

Vinclozolin, Atrazine, and DPX-E9636

Maria B. lioi,1. Maria R. Scarfi,2 Antonietta Santoro,1 Rocchina Barbieri,'
Olga Zeni,' Francesca Salvemini,3 Dino Dj Berardino,A. and Matilde ¥. Ursini3

1 Department of Animal Production Sciences, University of Basilicata, Potenza, Italy
2 National Research Council-IRECE, Naples, Italy
3 National Research Council-11GB, Naples, Italy

A. Department of Animal Sciences, University of Naples "Federico 1/"

Portici-Nap/es, Italy

experimental conditions, eoch chemical compound
tested produced a dos_eloted increase in the per-
cent of aberrant cells and an increase of SCE/celi.
Furthermore, at the highest concentrations of vinclo-
zolin, atrozine, and DPX-E9636, we observed a
significant reduction of the mitotic index. The in-
crease of G6PD activity in exposed Iymph~ cul-
tures strongly indicated an induction of a pro-oxi-
dant state of the cells as an initial response ta pesti-
cide exposure. Environ. Mol. Mutagen. 32:39-46,
1998 C 1998 Wile}'"tiu, I"c.

We analyzed chromosome aberrations (CAs), sister
chromatid exchanges (SCEs), mitotic index (MI) ,
and glucose 6ophosphate dehydrogenase (G6PD)
enzyme activity in human peripheral lymphocytes
from three healthy donors exposed in vitro to differ-
ent concentrations of gliphosote, vinclozolin, atro-
zine, and DPX-E9636. The pesticides gliphosate,
vinclozolin, and atrazine hove been studied in a
broad range of genetic tests with predominantly
conRicting or negative results, whereas little is
known about the genotoxicity of DPX-E9636. In our

Key words: genoloxicily; chromosome aberrations; sister chromatid exchanges; glucose 6-
- _~sphate dehydrogenase; oxidative stress; pesticcides

zyme activity. G6PD catalyzes the first and rate-limiting
step of the hexose monophosphate (HMP) shunt and pro-
duces reducing power, in the form of NADPH, which is
used by cells to drive the enzymatic reactions required to
remove reactive oxygen inteIDlediates (ROIs) (Meister
and Anderson, 1983] and is necessary to maintain the
intracellula,r pool of reduced glutathione (GSH), which is
the main antioxidant molecule present in the cell cyto-
plasm [Meister, 1988]. Recent reports have clearly dem-
onstrated that the cell pro-oxidant state and. thus, GSH
depletion, is always followed by increased G6PD activity,
indicating-that G6PD is functioning as an antioxidant en-
zyme [Clancy-et al., 1994; Banki et al., 1996; Ursini et
aI., 1997]. Furthemiore, it has been observed that euka}ry-
otic cells, bearing a genetically determined G6PD null
mutation, are extremely sensitive to oxidative stress [pan-
dolfi et aI., 1995]. We therefore examined the cytogenetic

INTRODUCTION
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Extensive studies have been carried out to evaluate the
mutagenic potential of the pesticides gliphosate, vinclo-
zolin, and atrazine in vitro and in vivo. Most of the reports
have indicated that gliphosate shows minimal genotoxic
activity [Vigfusson and Vyse, 1980; Li and Long, 1988;
Rank et al., 1993], whereas controversial results have
been obtained on vinclozolin [Chiesara et al., 1982; Per-
occo et al., 1993; Hrelia et al., 1996] and atrazine [Adler,
1980; Meisner et al., 1992; Brusick, 1994] in different
experimental systems ranging from bacterial to mamma-
lian assays. On the other hand, no data are available on
the mutagenic potential of the recently introduced DPX-
E9636 in mammals.

The above considerations prompted us to improve our
knowledge of the genotoxicity of the four pesticides and
to gain insight into their possibl~ mechanism of action.
Thus, we investigated the genotoxic potential of increas-
ing concentrations of gliphosate, vinclozolin, atrazine,
and DPX-E9636 in in vitro cultures of human lympho-
cytes by using as genetic endpoints chromosome aberra-
tion (CA) and sister chromatid exchange (SCE) frequen-
cies and, as an indicator of the change in the cell redox
state, glucose 6-phosphate dehydrogenase (G6PD) en-

C 1998 Wiley-Liss, Inc.
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TABLE Distinctive Features of Pesticides Assayed

CAS
registry number

1071-83-6
50471-44-8

IUPAC name

N-(phosphonomethyI)gIycine
3 -(3 ,5-d ich loropheny 1)- 5-methy 1- 5-

yinyloxazolidine-2,4-dione
2-chloro-4-ethylamino-6-

isopTopylamino-l,3,5-triazine
1-( 4,6-dimethoxypyrimidin-2-yl)-3-

(ethylsulfonyl- 2-pyridysulfonyl)UJQ

Chemical class

Phosphorganics
N itto gen-organic-hetcrocycles

Activity

Herbicide
Fungicide

Common name

Gliphosate
Vinclozolin

Atrazine N itrogen-organic- heterocycles 1912-24-9 Herbicide

DPX-E9636 Sulfonylureas 122931-48-0 Herbicide

effects and measured G6PD activity in human lympho-
cytes after pesticide treatment. Our data strongly indicate
either a genotoxic effect of all pesticides or a change in
the cell redox state.

spread metaphascs with 46 chromosomes were scored on blindly coded
slides for CAs (chromosome breaks, chromatid breaks, and fragmentS)
and for SCEs. Gaps were recorded but not included either in the calcula-
tion of aberr3tion frequency or in the percentage of aberrant cells [Pres-
ton et al., 1987). .

The MI was evaluated by counting at least 1,000 cells per treatment:
the number of metaphases was divided by the total number of cells
counted to give percent mitosis.

MATERIALS AND METHODS

Chemicals

Gliphosate, vinclozolin, and atrazine utilized in this study w~ pur-
chased from Lab Service Analytica (Bologna, Italy) and DPX-E9636
from Du Pont (paris, France) (purity of all active agents ~ 98%).
IUPAC names and chemical classes arc given in Table I. Atrazine and
vinclozolin w~ dissolved in DMSO (Fluka, Buchs, Switzerland) 0.3%
final concentration in culture, whereas DPX-E9636 and gliphosate w~
dissolved in ethanol (Sigma, St. Louis, MO, USA) (0.1 % final concen-
tration) and in sterile water, respectively. For CA and SCE analysis,
pesticides w~ added immediately after phytohemagglutinin stimulation
and left throughout the culture period.

G6PD Enzyme Assay

Lymphocyte Cultures

Lymphocytes from three healthy donors were separated by Ficoll-
Hypaque gradient density following standard techniques [BOyum, 1968J.
Briefty, I ml ofbuffy coat was cultured in 9 ml ofRPMI 1640 medium
supplemented with 15% heat-inactivated fetal calfsenJrn (FCS), 10 11g/
ml L-glutamine, and 10 J1g/m1 phytohemagglutinin (pHA, M fonn), all
obtained from Gibco (New York, NY, USA). Cells were cultured in a
humidified atmosphere containing 5% C~ and 95% air at 3,.C. To
eliminate variable sources due to culture conditions, exposed and control
cultures were concurrent; the same batches of culture medium and an
equal number (2 X I ~ of cells/plate were used

PHA stimulated cells w~ culrured for 48 hr at 3~C. An equal
number of lymphocytes were pl~ted and, except for the controls, treated
with increasing concentrations of each pesticide. After 6 hr treaUTIent,
the cells w~ collected and centrifuged. G6PD activity was detennined,
as described previously (Battistuzzi et al., 1985), by measuring the
production rate of NADPH. Since 6-phosphogluconate dehydrogenaSe
(6PGD), the second enzyme of the pentose phosphate pathway, also
produces NADPH. both 6PGD and total dehydrogenase activity (G6PD
plus 6PGD) were detennined separately, as previously reponed, in order
to obtain accurate enzyme activity for G6PD [Stanton et aI., 1991; Tian
et aI., 1994).

Treabnent with the antioxidant N-acetyl-cysteine (NAC) (Sigma) was
performed by adding 30 mM final concentration dissolved in pes
(Gibco) 1 hr prior to pesticide exposure and left during the incubation
period [Schreck et aI., 1991).

Cell survival was determined by the Trypan-blue (0.5% solution,
Serva, Heidelberg, Germany) exclusion technique.

Statistical Analysis

The comparison between exposed and control groups for each pesti-
cide and for each dose was perronned according to the two-tailed paired
Student's I-test.

RESULTS

Cytogenetic Analysis

In order to assess the genotoxic activity of the chemi-
cals on human lymphocyte cultures, we first carried out
a preliminary study to determine the higher concentrations
at which we were still able to observe a sufficient number
of metaphases either for CAs or for SCEs.The concentra-
tion range 5-511.LM and 72-hr culture time were chosen
for best demonstrating cytogenetic damage.

Table II shows the results of the induction of chromo-
some aberrations and the mitotic index in in vitro lympho-

CA, SCE, and MI Analysis

Cells were cultured for 72 hr at 37"C for CA studies. After 70 hr of
incubation, colccmid (Gibco, SO 111 for 10 rnl cultures) was added.
Lymphocytes were collected by centrifugation, resuspended in pre-
warmed hypotonic solution (0.075 M KCI) for 20 min, fixed in methanoV
acetic acid (3:1) for 10 min, and stained with a 5% Giemsa solution
(pH 6.8) for 10 min.

For SCE analysis, 30 hr to prior harvesting BrdU (Sigma) was added
to each culture (10 IJ.gjml final concentration). The cultures were pro-
tected from light to avoid photolysis. Colccmid was added during the
final 2 hr (SO 111 for 10 ml cultures); harvested cells were treated with
hypotonic solution and fixed with methanol/acetic acid (3:1). Air-dried
slides were stained with a 0.2% acridine orange solution in phosphate
buffer (pH 6.8) and sealed with paraffin.

From the four selected concentrations and from each subject, SO well-
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TABLE II. Chromosomal Aberrations in Controls and 72-hr Lymphocyte Cultures Exposed to Vinclozolin, Gliphosate.
and Atrazine

% of
aberrant
cells'

(Mean j:
SD)

Aberration

~uencr-
(Mean ~

SD)

Mitotic
index.

(Mean :!:
SD)

Concentration No. of
(IJM) subjects

- 3
(0.3%) 3
5.0 J
r;51

17.0 31

51.0 . ~
$;0 3
8.5 )

11.0 3
5.1.0 3
,.0 ~
..5 J11.0 ! J

,t.o 3

Chromosomal aberrations

Breaks

Chromosome Chromatid No. of total
type type FragmentS Gaps aberrations

- I - 3 1
- 2 - 2
2 3 5
1 12 1 14

2S 20 - 45
18 28" 6 7 522 . , I ' 3 7

3 10 7 13
15 7 - 14 22- 9 2S '- 10 34

3 5 1 4 10'
4 ]0 - 7 14
5 1.7 - 9 22

13 ~-- , 5 43

Treatment

Control
DMSO
Gliphosate

0.7: 1.2
0.7: 1.2
3.3 : 4.2
6.7: 3.1.

23.3 : 3.1.
27.3 : 5.0.
4.0 : .2.0
8.0 : 3.5.

14.7 : 4.2.
21.3:3.1.
6.0: 4.0
8.7: 1.2.

14.7: 3.1.
28.0 : 4.0.

0.7:!: 1.2 75.1 :!: 6.7

1.3:!:2.365.7:!:3.3
3.3 :!: 4.2 64.0:!: 2.8

9.3 :!: 3.1. 60.5 :!: 3.5

30.0 :!: 2.0.. 57.1:!: 1.8

34.7 :!: 1.2*. 56.4 :!:4.0

4.7 :!: 2.3 60.7 :!: 3.0

8.7 :!: 3.1. 54.2:!: 2.6

14.7 :!: 4.2* 47.7:!: 3.5

22.7 :!: 4.2* 46.5 :!: 4.0*

6.7:!: 5.0 48.1 :!: 3.9

9.3:!:1.2.41.4:!:3.9*

14.7 :!: 3.1. 34.I:!: 5.9.

28.7 :!: 3.1. 27.7 :!: 4.7.

Vinclozolin

Atrazine

"Percent of total number of cells with at least one chromosomal aberration but not gaps/total number of cell. IC~
"Percent of total number of aberrations without gaps/total number of cells analyzed.
"Percent of cells in mitotic division/l,OOO cells examined (see Materials and Methods for details).. P < 0.05, .. P < 0.01 vs. control

SD = standard deviation of three independent experiments, each done on a single subject.

to DPX-E9636

Mitotic
index'

(Mean :!:
SD)

TABLE III. Chromosomal Aberrations in Controls and 72-hr Lymphocyte Cultures- - -
% of Chromosomal ab~tions

aberrant Breaks
cells"

Concentration No. of (Mean :: Chromosome Chromatid
(11M) subjects SD) type type

- 3
(0.1%) 3

No. of tOtal
Fragments Gaps aberrations

- 3 I

Treabncnt

Control
Ethanol
DPX-

E9636

0.7 % 1.'1.
1.3 :!! 2.3

Aberration
rrequencyb
(Mean:=

SD)

0.7 := 1.2
1.3 := 2.3

75.1 :t; 6.7

70.7 :t; 7.32 1

0.0012
0.006
0.012
0.12

.3
3
3
3

5.3 ~ 3.1
12.7 ~ 3.1-
36.7 ~ 9.2-
23.3 ~ 3.1-

5
9

20
19

4
10
35
16

9
10
S

16

9
21
SS
3S

6.0 :to
14.0 :to
36.7 :to
23.3 :to

,~
--
;~;

'P~ent of total number of cells with at least one chromosomal aberration but not gapsttotal number of cells scorelL
bPercent of total number of aberrations without gaps/total number of cells analyzed.
"Percent of cells in mitotic division/l,OOO cells examined (see Materials and Methods for details).
.p < 0.05 VI. control.
SO = standard deviation of three independent experiments, each done on a single subject.

cyte cultures exposed to gliphosate, vinclozolin, and atra-
zine.

DPX-E9636, used at the same concentrations, was ex-
tremely cytotoxic, resulting in a low number of scorable
metaphases; however, an increase in the percent of aber-
rant cells as well as in the aberration frequency, including
chromatid breaks, ~hromosome breaks, and fragments,
were observed in the range 0.0012-0.12 11M (Table ill).

Our data showed a significant dose-dependent increase
in the percent of aberrant cells and chromosome aberra-

tions compared to the controls. However, the lowestdose
of all pesticides did not induce any statistically significant
clastogcnic effect, whereas at the highest dose of DPX-
E9636 (0.12 ~) a reduction of CAs was evident. Fur-
thermore, the mitotic index reported in Tables II and ill
indicated a decreasing trend in cell division index of lym-
phocyte cultures exposed to the increasing concentrations
of all pesticides, showing that atraziDe and DPX-E9636
were the more effective in decreasing cell growth.

Tables IV and V show the SCE frequencies obtained

) 55.5: 3.5
j. 50.5: 6.4
!. 36.1: 2.9.
,. 28.0:4.2.
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TABLE V. Number of SCE/cell in Controls and 72-hr
Lymphocyte Cultures Expo!e~o DPX-E9636

TABLE IV. Number of SCE/ceU in Controls and 72-hr
Lymphocyte Cultures Exposed to Vinclozolin, Gliphosate,
and Atrazine No. of

subjects

3
3
3".
3r~

- !
1

SCE/cefi
(Mean Z SD)

1.9 z 0.9
2.3 Z I.S
2.4 Z 0.8
3.8 Z 0.7-
SoS Z 1.4-
6.S Z 1.3--

Concenu-ation

(j1M)SCFJcen
(Mean: SD)

1.9: O.~
2.2 : 1.0
2.3 : 0.6
3.6 : 0,8-
5.3 : 0.3-
4.9: 1.3-
3.1 : 1.0
3.8: 1.4-
4.5: 1.2-
4.4 : 1.6-
5.5 : 1.2-
6.1 : 0.9-
5.0 : 0.9--
4.7: 1.4-

N
sui

Treatment

Control
Ethanol
DPX-E9636

Concentration

(11M)'reatment -
(0.1%)
0.0012
0.006
~.012
0.12

Control
DMSO
Gliphosate

-
(0.3%)
5.0
1.5

17.0
51.0

5.0

8.5

17.0

51.0
5:0

8.5

17.0

51.0

Vinclozolin

--
SCE/cel1 = total number of SCEs/total number of cells analyzed.

.p < 0.05, ..p < 0.01 vs. control.
SD = standard deviation of three independent experiments, each

on a single subject.

Atrazine

SCE/cell = total number of SCEs/totaJ number of cells analyzed.
.p < 0.05, ..p < 0.01 Ys. control.
SD = standard deviation of. three independent experiments, each done

on a single subject

in the exposed lymphocyte cultures of the same donors'
group. An increase ofSCE/cell was observed in all treated
cultures, but there was no general significant variation as
pesticide dose increased. The lowest concentrations did
not induce an increase in SCE frequency except for the
lymphocyte cultures exposed to atrazine; moreover, at
the highest concentration of gliphosate, vinclozolin, and
atrazine a slight but not significant reduction was evident.

period (6 hr). Results (Table VI and VII) showed an
increasing trend of cell death in the exposed cultmes,
more evident at the higher pesticide doses. We repeated
the same experiments in non-FHA-stimulated lympho-
cytes, in order to assess if there was any PHA interference
in the observed effect. In nonstimulated lymphocytes cul-
tures we were unable to detect G6PD induction, since
cells became extremely sensitive to the pesticide cytotoxic
effect (less than 50% of cells were viable) (data not
shown).

To ascertain whether the pesticide exposure involved
G6PD as an antioxidant enzyme or as a key member of
the pentose phosphate pathway, we exposed stimulated
lymphocytes from the same subjects to increasing concen-
trations of each pesticide in the presence or absence of
the antioxidant NAC, which is a GSH precursor. The
results (Fig. 1) showed that NAC was able to buffer the
pesticide-derived increase of G6PD activity, suggesting
that the pesticides tested produced a reduction of the cell
GSH content and a consequent pro-oxidant state.

G6PD Activity

DISCUSSION

We next analyzed G6PD enzyme activity, since we had
already obtained evidence demonstrating that an in-
creased activity of this enzyme was always coupled to a
change in the cell redox state [Ursini et al., 1997]. Thus,
we exposed aliquots of lymphocytes from the three
healthy donors to the same cytogenetically tested pesti-
cide doses. G6PD activity was measured 6 hr after treat-
ment. The results are given in Tables VI and VII the
exposure time of the cultures was optimal to determine
G6PD variations under oxidative stress conditions [Ursini
et al., 1997].

A significant enhancement of G6PD activity was ob-
served in the range 8.5-51 ~ for gliphosate and vinclo-
zolin and in the range 5-51 ~ and 0.0012-0.012 ~
for atrazinc and DPX-E9636, respectively. The highest
induction ofG6PD activity reached 163% 3;Dd 103% over
the control in samples exposed to gliphosate and vinclo-
zolin. while the effect was less evident in atrazine and
DPX-E9636-cxposed cells (see also Fig. I). Since ele-
vated pesticide concentrations could be cytotoxic, we also
determined the cell viability at the end of the incubation

In order to have a wider view of the genotoxic ability
of the pesticides gliphosate, vinclozolin, and atrazine, and
to obtain evidence on the mutagenic potential of the re-
cently introduced DPX-E9636, we studied the incidence
of cytogenetic damage and the possible induction of oxi-
dative stress in in vitro cultures of human lymphocytes
exposed to the four pesticides. Our results indicate that
each pesticide induced a dose-related increase of struc-
tural CAs, an increase of SCEs, and a change in the redox
state of the cell.

From the data available in the literature, no genotoxic
activity of gliphosate has been show in Salmonella and
E. coli WP;.2 reversion assays, in the Bacillus subtilis
recombination assay, in CHO cell gene mutation test. and
in the rat primary hepatocyte/DNA repair assay [Li and
Long, 1988], whereas weak positive results have been

o. of
ojects

3
3
1
3
J
3
:1
1
3
3
J,'
)
s
3.
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TABLE VI. Effect of Vinclozolin, Gliphosate, and Atrazine on G6PD Activity and Cell
Viability in 6-hr Expose~ Lymphocyte Cultures

G6PD activity
U/mg of protein

(Mean:!:. SD)

0.30 :!:. 0.07
0.28 :!:. 0.05
0.31 :!:. 0.02
0.56 :!:. 0.02*
0.79 :!:. O.OS*
0.62 :!: 0.06*
034 :!: 0.06
0.43 :!: 0.03*
0.61 :!: 0.04*
0.60 :!: 0.02*
0.36 :!: 0.08*
0.37 :!:. 0.06*
0.45 :!: 0.04*
0.47 :!: 0.10*

Concentration

(11M)

No. of
subjects

3
3
3
3
3
3
3"
3
3
3
:S
J
3
3

% of cell. killing'
(Mean == SD)

4.85 == 3.38
4.92 == 0.33
6.35 == 1.79
7.39 == 3.24

10.39 :!: 1.56
13.49 == 2.97
5.17 == 1.36
6.24 == 1.38
8.56 == 2.62

12.33 == 1.12
5.92 == 1.22
6.~ == 1.58
8.25 ~ 2.10

10.51 == 2.57

Trcaunent

Conuol
DMSO
Gliphosate

(0.3%>
5.0
8.5

17.0
51.0

5.0
8;5

17.0
51.0
5.0
.1.5

17.0
'1.0

Vinclozolin

A1I8Zine

"Percent of total nwnber of cell killing/total number of cells.
.p < 0.05 vB. control
SD = standard deviation of three independent experiments, each done on a single subject.

TABLE VII. Effect of DPX-E9636 on G6PD Activity and Cell Viability in 6-hr Exposed
Lymphocyte Cultures

G6PD activity
Concentration No. of Uimg of protein % of cell killing"

Treaunent (JiM) subjects (Mean :t SD) (Mean :t SD)

Control - 3 0.30 :t 0.07 4.85 :t 3.38
Ethanol (0.1%) 3 0.33 :t 0.03 2.63 :t 0.28
DPX-E9636 0.0012 3 0.36 :t 0.06- 3.79 :t 0.11

0.006 3 0.43 :t 0.04- 4.88 :t 0.87
0.012 ) 0.43 :t 0.03- 6.93 :t 0.80
0.12 3 0.35:t0.05 11.74:t0.24

"Percent of total number of cell killing/total number of cells.
.p < 0.05 Ys. connoL
SD = standard deviation of three independent experiments, each done on a single subject

obtained in the SCE assay in human lymphocytes b)' Vig-
Cusson and Vyse [1980] and by Rank et al. [1993] in
mouse bone marrow micronucleus test, in Salmonella mu-
tagenicity assay, and in the Allium anaphase-telophase
test. Our results showed a weak induction of SCE fre-
quency and a significant increase of CAS in lymphocyte
cultures treated with gliphosate.

Vinclozolin has been studied in different genetic tests:
some authors have reported a transforming activity in
BALB/c3T3 cells [perocco et aI., 1993] and a mutagenic
effect in Salmonella typhimurium arid in Schizosaccharo-
myces pombe [Chiesara et al., 1982]. No'positive results
have been obtained either in SCE or CA assays in human
lymphocytes after a 24-hr treatment [Hrelia et al., 1996;
Kevekordes et al., 1996]. The apparent discrepancy be-
tweeri our data, which indicated a genotoxic effect, and

those of Hrelia and Kevekordes may be due to the differ-
ent exposure time (72 hr) of our experimental system.

Several studies on atrazine have shown that it acts as
a mutagenic compound in mouse bone marrow cells in
vivo [Adler, 1980], as well as in human lymphocytes in
vitro [Ribas et at, 1995]. Our finding that atrazine showed
an increase in cytogenetic damage is in agreement with
these reports and with Meisner et al. [1992], who ob-
served an induction of CAs in 72-hr human lymphocyte
cultures.

DPX-E9636 belongs to the recently introduced class
of sulfonylureas, applied at very low concentrations in
agriculture (g/ha instead ofKg/ha). Some studies reported
the herbicidal activity and the toxicity of sulfonylureas
on microbial strains and soil respiration [Dumontet et aI.,
1993; Murai et al., 1995] but no evidence is available
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VinclozolinGliphosate
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5 8,5 17 51
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#
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Fig. 1. Reduction of G6PD enzyme activity in both control and pesticide-exposed lymphocyte cultures
from three healthy donors, treated (white symbol) or not (black symbol) with the antioxidant N-acetyl-
cysteine (NAC) (mean ~ SD of three independent experiments, each done on a single subject).

on the genotoxicity of this claSs of pesticides. In our
experimental system, DPX-E9636 induced a significant
increase in CAs and SCEs, but at the highest dose tested,
we observed a reduction of both percent of aberrant cells
and aberration frequency, probably due to the increase of

pesticide-dependent cytotoxicity.
On the other hand, we also observed, for each pesticide,

a significant increase of SCE/cell, but the curves of SCE
induction were quite flat. A slight but not significant re-
duction of SCE frequency found at the highest concentra-
tions of gliphosate, vinclozolin. and atrazine could be a
consequence of treatment with cytotoxic doses, as sug-
gested by the decreasing trend of the mitotic index.

Since we aimed to study the effects of a longer time
exposure to pesticides, cytogenetic analysis was calTied

out on 72-hr lymphocyte cultures. Such a culture time is
not commonly considered the best for the detection of
CAs, whose frequency may be underestimated as a conse-
quence of the presence of second mitoses. This effect
should be compensated for partly by a longer exposure
of lymphocytes to the chemical compounds and/or to their
metabolites; in any case, it does not compromise the basic
conclusion on the genotoxicity of pesticides, as already
suggested by De Ferrari et al. [1991] and by Bonatti et
al. [1994].

Even though many studies have confirmed the geno-
toxic potential of several peSticides, little is known about
the molecular mechanisms involved in cell response to
these chemical agents. In order to detect a possible
involvement of oxidative stress, we analyzed G6PD activ-
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ity following pesticide exposure in human lymphocyte
cultures. We used a 6-hr tt"eatment since we had already
demonstrated that in several human cell lines G6PD activ-
ity stimulation persists for at least 6 hr after exposure to
oxidative a$ents, but the stimulation decreases with
longer incubations [Ursini et aI., 1997].

The different but statistically significant enhancement
of G6PD activity induced by the pesticides was compara-
ble to the increase we found by treating human lympho-
cytes with the GSH oxidative agent diamide (data not
shown). We observed that the major increase of G6PD
activity was obtained in lymphocyte cultures exposed to
gliphosate and vinclozolin-both seemed to affect the
proliferating ability to a lesser extent. Moreover, at the
highest dose of the chemicals G6PD activity remained
approximately constant or decreased, whereas the cyto-
toxic effect increased. This observation could be ex-
plained either by G6PD enzyme instability consequent to
a hyperoxidative cell condition, as already reported for
other proteins [Grune et aI., 1997], or by an increased
cytotoxic effect. F\irthermore, our finding that pesticide
treatment induced CAs, SCEs, and resulted in a change
in the cell redox state agrees with some reports indicating
that reactive oxygen species may be involved in the toxic-
ity produced by other pesticides (Fridovich, 1978; Bagchi
et aI., 1995; Dahlhaus et aI., 1995] and with data obtained
in bovine lymphocytes exposed to pesticides [Lioi et aI.,
1998].

In SUInmaIY, the results presented in this study indicate
that the pesticides tested are genotoxic and support the
hypothesis that cells exposed to these biologically active
compounds could have altered cell metabolism, probJbly
generating ROYs through a mechanism still unknown.
However, rapid depletion of intracellular GSH and subse-
quent activation of G6PD would be expected to be a
primary event after pesticide treatment. Furthennore, con-
tinuous exposure to these chemicals (for 72 hr) would
result in the inability of HMP shunt to replenish the aSH
intracellular pool, and thus to protect the cells against
oxidant injury.

Further studies are needed to deterxnine at which steps
the pesticides herein tested are acting in the biochemical
pathway controlling ROYs production.
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Abstract

The genotoxic activity of the pesticides gliphosate, vinclozolin and DPX-E9636 was studied in in vitro cultura of bovine
lymphocytes, using chromosome aberration (CA) and sister chromatid exchange (SCE) frequencies u genetic end-points and
a variation of glucose 6-phosphate dehydrogenue (G6PD) enzyme activity u a marker of changes in the nonnal cell redox
state. "Results indicated a statistically significant ~ of structural abelTations, sister chromatid exchanges and G6PD
activity, suggesting that the pesticides tested induce either oxidative stress or a mutagenic effect in this species. The
evaluation of both mitotic index and cell viability, after pesticide exposure, demonstrates a high cytotoxic effect which is
always usociated with the observed genotoxic effect. C 1998 Elsevier Science B. V. All rights reserved.

Kqwor4J: Bovine; Pesticide; Chrommome aberration; Sista' chromatid exchange; Oxidative stress; Glucose 6-Pbospbale ddlydrogeoue

sure in livestock. It has been reported that the expo-
sure to some pesticides determines both a serious
decrease of progesterone secretion in in vitro cul-
tures of bovine granulosa cells from preovulatory
follicles [4] and an increase in the number of sister
chromatid exchanges (SCEs) in chick embryo cells
[5].

1. Introduction

Pesticides are chemical compounds which have to
comply with two requirements: a high de~ of
toxicity and a high target specificity.

Even though the presence of pesticide residues
has been demonstrated in raw bovine milk and in
different farm animal tissues at maximum or higher
levels than allowed by the international tolerance
levels [1-3], little is known about the possible ef-
fects and moleCular consequences of pesticide expo-

In the present study we have analysed the gena-
toxic potential of the pesticides gliphosate, vincIa-
zolin and the recently introduced DPX-E9636 in in
vitro bovine lymphocyte cultures, from three healthy
bovines, using as genetic end-points the frequency of
chromosomal abeITations (CAr.) and of SCEs. We
have also evaluated the induction of oxidative stress,

. Conesponding author. Tel.
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Walker [11] and Perucci et al. [12]. Gliphosate was
dissolved in sterile water whereas vinclozolin and
DPX-E9636, because of their low water solubility,
were dissolved in dimethyl sulfoxide (DMSO, Flub.
Buchs, Switzerland) 0.3% and ethanol (Sigma, St.
Louis, MO, USA) 0.1% final concentration in cul-
ture, respectively. An equal concentration of DMSO
or ethanol-containing culture medium was utilised as
solvent positive controls.

2.2. Lymphocyte cultures

Peripheral blood was drawn from the jugular vein
of three clinically healthy unrelated cows, nearly two
years of age, by using heparinized vacutainers. Lym-
phocytes were separated by Fico!I-Hypaque gradient
density following standard techniques [13]. One
milliliter of buffy coat was cultured in 9 ml of RPMI
1640 medium (Dutch modification) supplemented
with 15% heat inactivated fetal calf serum (FCS), 10
ILg/ml L-glutamme and 10 ILg/ml Pokeweed mito-
gen, all obtained from Gibco (New York, NY, USA).
Cells were cultured in a humidified atmosphere con-
taining 5% CO2 at 37°C. To eliminate variable
sources due to culture conditions, exposed and con-
trol cultures were concurrent; the same batches of
culture medium and an equal number (1 X 106) of
cells/plate were used. For CA and SCE analysis
pesticides were added immediately after Pokeweed
stimulation and left throughout the whole culture
period.

following pesticide treatment, by measuring G6PD
activity. an enzyme catalysing the first and rate-limit-
ing step of the penrose phosphate pathway. G6PD
action provides reducing power, in the fonn of
NADPH, which is used by cells to drive enzymatic
reactions required to remove reactive oxygen inter-
mediates (ROIs) [6] and necessary to maintain the
intracellular content of the prevalent antioxidant
molecule present in the cell cytoplasm: reduced glu-
tathione (GSH) [7]. Recent reports have clearly
demonstrated that cell oxidative stress conditions and
thus GSH depletion, are always followed by. in-
creased G6PD activity. indicating that G6PD is func-
tioning as an antioxidant enzyme [8,9]. Furthermore.
it has. been observed that nucleated cells, bearing
genetically determined G6PD null mutation. are ex-
tremely sensitive to oxidative stress [10]. We there-
fore exantined both the cytogenetic effects and G6PD
enzyme activity in bovine lymphocytes after pesti-
cide exposure.

Our data indicate a mutagenic effect of the tested
chemicals in bovine species as well as an induction
of oxidative stress and thus a change in the cell
redox state.

2. Materials and methods

2.1. Test chemicals

The following chemical agents were tested:

gliphosate (N-(phosphonomethyl)glicine) and vinclo-
zolin (3.(3.,S-dichlorophenyl)-S-P1ethyl-S- vinyloxa-
zolidine-2,4-dione) from Lab Service Analytica
(Bologna, Italy) and DPX-E9636 (1-(4,6-di-
methoxypyrimidin- 2- yl)- 3..( ethylsulfon)' 1- 2 -pyridysul-
fonyl)urea) from Du Pont (Paris, France) (purity of
all active ingredients ~ 98%). The features of pesti-
cides assayed were indicated in Table 1 as certified
by the supplying firms and reported by Worthing and

2.3. Cytogenetic assays

Cells were cultured for 72 h at 3~C for CA
studies. After 70 h of incubation, colcemid (Gibco,
50 JJ.l for 10 m1 cultures) was added and left during
!he last 2 h of cell growth. Lymphocytes were col-
lected by centrifugation, resuspended in prewanned
hypotonic solution (0.075 M KCl) for 20 miD, fixed

Table 1
Pesticides tested

1071-83-6
50471-44-8
122931-48-0

4320
> 10(XX)

> S(XX)
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Cell survival was determined by the Trypan-blue
(0.5% solution, SelVa, Heidelberg, Germany) exclu-
sion technique.

2.5. Statistical analysis

The comparison between the exposed and control
groups for each pesticide and for each dose was
performed by means of the two-tailed paired Stu-
dent's I-test

3. Results

3.1. CA. SCE and Ml analysis

in methanol/acetic acid (3:1) for 10 min and stained
with a 5% Giemsa solution (pH 6.8) for 10 min.

For SCE analysis, 30 h prior harvesting, BrdU
(Sigma) was added to each culture {10 JLg/ml final
concentration). Samples were protected frOm light.
Colcemid was added during the final 2 h (50 IJ.I for
10 ml cultures); harvested cells were treated with
hypotonic solution and fixed with methanol/acetic
acid (3:1). Air dried slides were stained with a 0.2%
acridine orange solution in phosphate buffer (pH 6.8)
and sealed with paraffm.

From each concentration and from each subject,
50 well spread me~hases bearing 60 chromosomes
were scored on blindly coded slides for CAs and for
SCEs. Structural aberrations (isochromatid and chro-
matid breaks, gaps, fragments and chromosomal re-
arrangements) were classified according to the crite-
ria suggested by Savage [14]. Gaps were ~orted but
not included either in the calculation of aberration
frequency or in the percentage of aberrant cells.

The MI was evaluated counting at least 1000 cells
per treatment: the number of dividing cells (pro-
phases and metaphases) was divided by the total
number of all cells [15].

2.4. G6PD enzyme assay

In order to assess the mutagenic potential of
pesticides gliphosare, vinclozolin and DPX-E9636 in
in vitro bovine lymphocyte cultures after 72 h expo-
sure, we first carried out a preliminary study to
determine the higher doses at which we were still
able to observe a sufficient number of metaphases
either for CAs or for SCEs. We chose concentrations
ranging from 17 to 170 ILM for gliphosate and
vinclozolin; DPX-E9636 used at the same concentra-
tions was extremely cytotoxic. The fixed number of
cells scored were observed in the range 0.0012-12
ILM (Table 2).

As shown in Table 2, each chemical compound
produced a significant increase in the percentage of
aberrant cells as well as in the aberration frequency
(isochromatid breaks and chromatid breaks). No
fragments or chromosomal rean-angements were
found. The genotoxic effect evidenced in our experi-
mental conditions was always associated with a con-
siderable reduction of the mitotic index (p < 0.05
for all examined pesticides). These results showed
that all tested pesticides induced a significant clasto-
genic effect and a dose-dependent decreasing trend
of cell proliferation, which was mainly evident in
DPX-E9636 and vinclozolin exposed lymphocyte
cultures.

Table 3 shows the SCE frequencies obtained in
pesticide-exposed lymphocyte cultures of the same
donors' group. All pesticides induced a dose-depen-
dent increase in the number of SCE/cell in exposed
cultures compared to controls; furthermore, at the
highest concentrations a slight but not significant
reduction was evident.

Mitogen stimulated cells were cultured for 48 h at
3:]OC in order to analyse a larger number of cells. An
equal number of lymphocytes from each subject
were plated and, except for the controls, treated for 6
h with increasing concentrations of each pesticide.
Cells were collected and centrifuged, G6PD activity
was determined, as already described [16], by mea-
suring the rate of increase in absorbance at 340 nm
due to the conversion ofNADP+ to NADPH. Since
6-phosphogluconate dehydrogenase (6PGD), the sec-
ond enzyme of the pentose phosphate pathway, also
produces NADPH, both 6PGD and total dehydroge-
nase activity (G6PD plus 6PGD) were determined
separately as previously reported, in order to obtain
accurate enzyme activity for G6PD [17,18].

Antioxidant N-atetyl-cysteine (NAC, Sigma)
treatment was performed adding 40 ri1M final con-
centration of this substance dissolved in PBS (Gibco)
in both exposed and control cultures 1 h prior to
pesticide exposure and left during the incubation
period [19].
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Table 3
Number- of sisler chromatid exchanges per cell (SCE/ceII) in controls and 72 h pesticidc-CXposcd bovine lymphocyte cultures

--- - --

-
(0.3%)
(0.1%)

17
8S

170
17
as

110
0.01~
0.12

12

Vinclozolin

DPX-E9636

SCE/cell: total number of SCEs/total number of cells scored.. p < 0.05 V5. cOlltrol. .

MY :t; SD: mean value :t; s1Indard deviation.

3.2. G6PD activity

To study the possible induction of oxidative stress
following pesticide treatment, we anaIysed G6PD
activity in the three bovine subjects exposed to the
same pesticides, since we have already obtained
evidence demonstrating that an increased activity of
this enzyme is always coupled to the pro-oxidant
state of the cell [9]. Thus we exposed aliquots of
lymphocyte cultures to the same cytogenetically-
tested pesticide doses. G6PD activity was measured
.6 h after treatment. Results are reported in Table 4;
the exposure time chosen was optimal to determine
G6PD variations under oxidative stress conditions
[9].

sess if there was any mitogen interference in the
observed effect. In non-stimulated lymphocyte cul-
tures we were unable to detect G6PD induction.
since cells became extremely sensitive to the cyto-
toxic effects of the pesticide (more than 60% of cells
were killed) (data not shown).

To ascertain whether the pesticide exposure in-
volved G6PD as an antioxidant enzyme or as a key
member of the hexose monophosphate shunt, we
exposed stimulated lymphocytes from the subjects to

Table 4
Effects of pesticide exposure on G6PD eozyme activity and tel
dead! in controls and 6 h lrealed bovine lymphocyte culrura

TreIImcDt ~ ILM) G6PD activity" % of cell killin7

Conuol
DMSO
Ethanol
Glipbosate

-
(0.3%)
(0.1%)

17
85

i70
17
85

170
0.012
0.12

12

Vinclozolin

DPX-E9636

A significant enhancement of G6PD activity was
observed in all treated lymphocyte cultures com-
pared to the controls. The highest induction of G6PD
stimulation reached 118% and 890/0 over the control,
in samples exposed to the lower concentrations of
gliphosate and vinclozolin, while the effect was .Jess
evident at the highest dose of DPX-E9636 (see also
Fig. 1).

Since elevated pesticide concentrations could be
cytotoxic for the cells we also detennined the per-
centage of cell killing at the end of the incubation
period (6 b). Results (Table 4) showed an increasing
but not statistically significant cytotoxicity in the
exposed cultures.

We repeated the same experiments in non
(Pokeweed) stimulated lymphocytes, in order to as-

'U/mg ofprotcin.
bTotal number of cells killed/tolal number of celli, X 100. P < 0.05 VI. control.

MY z SD: mean value z S1andard deviation.
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v ! 0,12 12
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Fig. I. G6PD ellZyme activity in controls and 6 h pesticide-ex-
posed Iymp/X)Cyte cu1~ from three bovine subjects. in the
absence (black ~ph) or in the presence (bar grapi1) of tho
antioxidant NAC. (. . .) Not significant mean value of G6PD
activity ~ared to the mean value obtained in die absence of
NAC.

mechanisms in domestic animals. From this point of
view, the literature is quite scanty: the only available
data on the chemicals herein tested are reported in
human or in bacterial mutagenicity assays [20,21] but
no specific effects are demonstrated in bovine or in
other domestic species.

The present study provides evidence for the in-
trinsic mutagenic potential of the herbicides
gliphosate and DPX-E9636 and of the fungicide
vinclozolin on in vitro cultures of bovine lympho-
cyteS from three subjects randomly chosen. Our re-
sults indicate a statistically significant increase of
both structural CAs and SCEs in exposed cultures
comp~ to the controls. The slight reduction of
SCEs, observed at the highest pesticide concentra~
tion, could be a consequence of the treatment with
highly cytotoxic doses. This observation is in agree-
ment with the lower mitotic index found at these
doses. Moreover, all doses tested of each pesticide
produced cytogenetic damage and a change in the
cell redox state; this finding corroborates the recently
reported evidence that reactive oxygen species may
be involved in pesticide toxicity [22,23].

In order to increase our knowledge about the
genotoxicity of the tested environmental mutagens
and to gaiD insight into their mechanism of action,
we also anaIysed the change of the redox state of the
cell following pesticide treatment by evaluating
G6PD enzyme activity. We chose to detect the pesti-
cides' effect on G6PD activity after 6 h treatment as
we had already demonstrated that, in eukaryotic cell
lines. G6PD activity stimulation persists for at least 6
h after the addition of oxidative agents, but that the
stimulation decreases with longer incubation periods
[9].

the same increasing concentrations of pesticides in
the presence or in the absence of the antioxidant
NAC. which is a GSH precursor. Results reported in
Fig. 1 show that NAC buffers the peSticide-derived
increase of G6PD activity thus indicating that the
chemicals produced a reduction of intracellular GSH
pool and a consequent pro-oxidant state.

We observed a different but statistically signifi-
cant enhancement of G6PD activity, induced by
pesticides, comparable to the increase we found by
treating bovine lymphocytes with the GSH oxidative
agent, diamide (data not shown). The maximum
enhancement of G6PD activity was reached at the
lowest doses of gliphosate and vinclozolin and at the
intennediate concentration of DPX-E9636. The ob-
servation that at the higher doses of the chemicals,
G6PD activity decreases could be explained by G6PD
enzyme instability consequent to an hyper oxidative
cell condition~ as already reported for other proteins
[24]. Moreover, as dose ofvinclozolin or DPX-E9636

4. Discussion

The study of the genotoxicity of environmental
mutagens in domestic animals is of particular con-
cern because of their possible consequences on the
produCtive and reproductive efficiency of livestock.
In the past, risk assessment was limited to the danger
to human health. but nowadays ecological risks are
also taken into account. In this sense, further studies
are required in order to determine the mechanism of
action of pesticides, how they interfere with
metabolism, genetic damage and detoxification
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increases, besides the decrease of G6PD activity, we
also observed an increasing cytotoxic effect This
finding would indicate a threshold over which the
normal cell circuits could be altered as well as cells
becoming more sensitive to pesticide dependent cy-
totoxicity. The cytogenetic damage and the induction
of pro-oxidant state of the cell seems to be a general
response as we witnessed the same phenomenon in
lymphocyte cultures exposed to atrazine, another
chemical agent widely used in agriculture (data not
shown).

In summary, our results indicate that the tested
pesticides are genotoxic in in vitro cultures of bovine
lymphocytes and support the hypothesis that cells
exposed to these chemical compounds have altered
cell metabolism, probably generatingR,OIs through a
mechanism still unknown. However, rapid depletion
of intracellular GSH and subsequent activation of
G6PD would be expected to be a primary event after
pesticide treatment Furthermore, continuous expo-
sure to these chemicals (for 72 h) would result in the
inability of the hexose monophosphate shunt to re-
plenish GSH intracellular pool and thus to protect
the cells against oxidant injury. The evidence re-
ported here has been strengthened by experiments
carried out in human lymphocytes in which the
pesticide induced genotoxicity resulted in a change
in the cell redox state (manuscript in preparation).

Further studies are necessary in this research field
as the presence of organic compounds such as pesti-
cides in animal diets may affett not only the health
of livestock themselves but also the qualitative
and/ or quantitative characteristics of animal produc-
tions.
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Abstract

Oxidative damage was quantified in the liver of rats by measuring the levels of 8-OH-2-deoxyguanosine (8-0H-
2DG) relative to 2-deoxyguano~ine in DNA after treating rats for 10 days at a total dose of I mg/kgjday with a
mixture of the 15 pesticides most commonly found in Italian foods (comprised of dithiocarbamate, benomyl,
procymidone, methidathion, chlorpyrifos-ethyl. parathion-methyl, chlorpropbam. parathion, vincIozolin, chlorfenvin-
phos, pirimiphos ethyl, thiabendazole, fenarimol. diphenylamine and chlorothalonil). We fractionated this pesticide
mixture into subgroups in order to determine which molecules, if any, induced DNA oxidative damage. The
administration of diphenylamine (0.09-1.4 mg/kg/day) and chlorotbalonil (0.13-1 mg/kgjday) induced a dose.;dcpcn-
dent increase in 8-0H-2DG levels in liver DNA. The pther 13 pesticides of the mixture on the contrary, did not
produce oxidative liver DNA damage. These results indicate that the toxicity of low doses of pesticide mixtures
present in food might be further reduced by eliminating diphenylamine and chlorothalonil. Copyright C 1997 Elsevier
Science Ireland Ltd.

Keywords: Pesticides; Oxidative DNA dama~; 8-OH-2-dcoxyguanosine

1. Introduction

We previously demonstrated that of all the
pesricides detected in Italian foods, only 15 are
commonly encountered in sizable concentrations
(Dolara et aI., 1993). By using data on food
intake for a normal Italian adult and the mean
concentration of these pesticides in food, we cal-
culated the average human exposure through the
diet. We then carried out a series of experiments

Abbre'lliations: Mix. mixture of fifteen pesticides; 8-OH-2-
DO, 8-0H-2-deoxyguanosine; 2DG. 2-deoxyguanosine; MN,
micronuclei; SCE. sister chromatid exchange; n-SCS, non-
synchronous centromeric separation; THlA, thiabend-
azole; FEN, fenarimol; DIPH, diphenylamine; CHLO,
chlorothalonil.. Corresponding author.

0300-483Xj97/S17.00 Copyright C 1997 Elsevier Science Ireland Ltd. All rights reserved
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2.2. Pesticide mixtures

We treated animals with three subgtoups of the
original Mix. maintaining the same ratios of the
different compounds relative to the total dose
administered in previous experiments (Lodovici et
al.. 1994).

We. therefore. employed the following pesticide
subgroups:

Mix I: dithiocarbamate (0.207 mg/kg/day) +
benomyl (0.196 mg/kg/day);
Mix 2: procymidone (0.08 mg/kg/day) + methi-
dathion (0.023 mg/kg/day) + chlorpyrifos-ethyl
(0.02 mg/kg/day) + parathion-methyl (0.01 mg/
kg/day) + chlorpropham (0.007 mg/kg/day) +
parathion (0.007 mg/kg/day) + vinclozolin
(0.003 mg/kg/day) + chlorfenvinphos (0.003
mg/kg/day) + pirimiphos-ethyl (0.001 mg/kg/
day);
Mix. 3: thiabendazole (THIA) (0.149 mg/kg/
day) + fenarimol (FEN) (0.02 mg/kg/day) +
diphenylamine (DIPH) (0.140 mg/kg/day) +
chlorothalonil (CHLO) (0.130 mg/kg/day).

to detemline the toxicity of these 15 pesticides, using
a mixture (Mix) in which the single pesticide
concentration was set at a level representing the
average exposure to each compound through food
(Dolara et aI., 1993). The composition of the Mix is
s~fied in Table I. The Mix did not increase the
frequency of micronuclei (MN) in rat bone marrow
in vivo; in human lymphocytes in vitro it did not
vary the frequency of sister chromatid exchange
(SCE). On the contrary, the number of non-syn-.
chronous centromeric separations (n-SCS) was in-
creased in human lymphocytes in vitro, an effect due
to the presence ofbenomyl (Do lara et aI., 1994). We
later reported that the administration of the Mix for
10 days increased 8-0H-2-deoxyguanosine (8-0H-
2DG), a marker of oxidative damage, in rat liver
DNA (Lodovici et aI., 1994). These last findings
indicated that one or more components of the Mix
were able to induce oxidative damage through the
production of free radicals.

Since free radicals are supposed to be involved
in aging and carcinogenesis (Ames, 1989), we
wanted to find which of the pesticides, if any,
induced oxidative damage in vivo.

For selected compounds, such as fenanmo1
(Grabarciyk and Kopec Szlezak. 1992) and
methylparathion (Yang et aI., 1992), a mechanism
involving free radicals has been suggested to ac-
count for some toxic effects in vitro (qrabarczyk
and Kopec Szlezak. 1992). However, direct evi-
dence of the production of free radicals from
pesticides in vivo is Jacking in the literature and
on this premise we decided to further study the
effects of these compounds administered orally to
rats, to determine which pesticides could deter-
mine oxidative DNA damage.

Table I
Calculated average pesticide residues in the nonnal adult diet
of central Italy

148 20.7

140
101
102
94
57
11
15

19.6
14.9
14.4
13.1
8.0
2.J
2.0

2. Materials and methods
.9

,0

14
72.1. Chemicals and standards

s
t
2

"1

0.7
O.T
0.3
0.3
0.1

100'/.

All pesticides were obtained from Lab Service
(Bologna, Italy); chlorfenvinphos and dithiocarba-
mate were 95 and 86% pure, respectively, while the
others were 99.9V/o pure. For 8-0H-2DG, we pre-
pared a chromatopphic standard as reported in a
previous paper (Lodovici et ai., 1994).

716
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We also treated four groups of animals with
single components of Mix 3. DIPH and CHLO
were also administered at different doses in order
to construct dose-response curves.

~

d

-

i
.r
~

2.3. Animals

Male Wistar rats (200-250 g) were purchased
from Morini (Modena, Italy). The animals were
treated for 10 consecutive days at 10 a.m. per os
with 1 m1 com oil dissolving different mixtures,
at doses equivalent to those at which the maxi-
mum effect on oxidative damage was previously
observed (Lodovici et al.. 1994). Controls re-
ceived com oil alone. After having identified the
active mixtures, experiments were carried out
wiili individual components. No mortality 'was
recorded during the administration of pesticides.
Rats were sacrificed by decapitation under a
light ether anesthesia. their livers were excised.
rinsed in ice-cold 0.15 M KG and stored at
- 80°C until analysis.

31~ 1010 20 a
fl- 1810)

Fig; I. Typical HPLC chromatograms of hydrolyzed control
rat liver DNA. (a) UV detector; (b) Coulochem detector

M Tris-HCl buffer pH 7.8. All samples were
protected from light with aluminum foil. in order
to avoid artifactual oxidation. The hydrolyzed
mixture was finally centrifuged and 70-80 III of
the supernatant were injected into the HPLC.

2.5. HP LC analysis

The separation of 8-0H-2DG and 2-deox-
iguanosine (2DG) was perfonned with an LC/9A
Shimadzu HPLC pump using two detectors: UV
(Biorad) and Coulochem (ESA model 5100 with a
5010 analytical cell). For chromatographic separa-
tion we used two CIS reverse-phase columns in
series (Supelco. 5 flm. I.D. 0.46 x 25 cm); the
eluting solution was H2O/CH3OH (85:15 v/v) with
50 mM KH2PO4 pH 5.5 at a flow rate of 0.68
ml/min. The potentials set for electrodes I and 2
of the electrochemical detector were 0.02 and 0.5
V. respectively; the UV detector was set at 245
Dm. The detectors were connected to a Sl1Jmadzu
integrator for the determination of peak areas.
The retention time for 2DG was about 12.5 min
and 18.4 min for 8-0H-2DG as reported in Fig. I.
The detection limit for 8-0H-2DG was 20 pg. The
levels of 8-0H-2DG were expressed as the ratio
8-0H-2DG relative to I~ 2DG bases.

2.4. Preparation of liver DNA.

Isolation and hydrolysis of liver DNA were
performed using a published method with a few
modifications (Fiala et al., 1989). Briefly, livers (I
g wjw) were homogenized in eight volumes of
ice-coId 0.15 M NaCljO.015 M sodium citrate
buffer pH 7 and centrifuged at 1500 x g for 15
min. The pellet thus obtained was first solubilized
in eight volumes of a pH 7 buffer containing 0.01
M Tris-HCl, 0.001 M EDTA, 1 M NaCl and
finally lysed at O°C for 45 min by the addition of
100/0 sodium dodecyl sulfate (O.O~/o of the final
concentration). The lySed mixture was extracted
with ch1orofonnjiso~yl alcohol (10:2 vjv) and
DNA was precipitated from the aqueous phase as
reponed by Fiala et al. (1989). DNA was then
dried with, a nitrogen stream, solubilized in I mt
of 20 roM acetate buffer pH 4.8 and denatured at9Q°C for 3 min. .

To alSO jJ.l aliquot of DNA 20 jJ.l of PI
nuclease (5 IV) were added and incubated at 37°C
for 1 h in the dark. The incubation mixture was
then digested for 1 h at 37°C with 10 jJ.I alkaline
phosphatase (3 IV) in the presence of 80 jJ.1 of 1

2.6. Statistics

Data were analyzed with the Statgraphics
statistical package using one-way analysis of vari-
ance and linear regression analysis.
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DIAl (llg/kg/d)Fig. 2. 8-0H-2DG levels in liver DNA of control rats (n = 17)
and in rats treated for 10 days with Mix I (n - 7). Mix 2
(n = 6) and Mix 3 (n - 7). The composition of the different
Mix is specified in Materials and method (Section 2). Individ-
ual values and means:t S.£. .p < O.OS.

Fig. 4. 8-OH-2DG levels in liver DNA of control rata (n = 17)
and rata treated with four different doses of DIPH for 10 days.
For each dose n=6; r-O.72, P<O.OOI.

alter the hepatic DNA levels of 8-OH-2DG,
whereas DIPH or CHLO increased it relative to
controls (P < 0.05). These effects were dose-re-
lated both for DIPH and CHLO, as shown in
Figs. 4 and 5.

3. Results

A typical chromatographic profile is shown in
Fig. 1. Liver DNA levels of 8-0H-2DG were
increased after treatment with Mix 3 (P < 0.05)
but not after Mix 1 and Mix 2 (Fig. 2). We
observed a relatively large inter-individual vari-
abili~ in agreement with results by other authors
(Fiala et aI., 1989). Since Mix 3 contained THIA.
FEN, DIPH and CHLO, we tested each of these
pesticides individually at the same dose of the
mixtures. Fig. 3 shows that THIA or FEN did not

4. Discussion

The formation of 8-OH-2DG from 2DG in-
volves an attack on DNA by reactive oxygen
species, probably hydroxyl radicals (Floyd et aI.,

~
..
~
~
$

at.D (80/kg/d)
Fig. 3. 8-0H-2DG levels in liver DNA of control rats (II - 17)
and rats treated for 10 days with 0.13 mg/kg/days of THIA
(II - 6) and 0.020 mg/kg/daY$ of FEN (II - 6); 0.14 mg/kg/days
of DIPH (n - 6) or 0.13 mg/kg/days of CHLO (11- 6). Indi-
vidual values and means:t: S.E. . P < O.OS.

Fig. 5. 8-0H-2DG levels in liver DNA of control rats (n-l7)
and rats treated with four different doses of CHLO for 10
days. For each dose n = 6. except 0.1 mg/kg/days (n - 5);
r=0.81. P<O.OOI.
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mechanism involving free radical formation has
been hypothesized in vitro (Grabarczyk and
Kopec Szlezak, 1992; Yang et al., 1992).

The minimum doses at which DNA oxidative
damage is observed with DIPH and CHLO in our
experiments were 0.13 and 0.09 mg/kg/day, re-
spectively, about 1/100 the calculated human ex-
posure through food in Italy. Although their
concentration is relatively low, the exclusion of
these two compounds from use on crops destined
for human consumption would reduce the risk of
inducing DNA oxidative damage through inges-
tion of pesticide residues in foods.
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Cytotoxic and cell transforming activities of the mix, whereas only dithianon exerted cytotoxic
pesticides cyanazine, diflubenzuron, dithianon, effects in the presence of metabolic activation.
procymidone, and vinclozolin were investigated All the chemicals tested did induce BALB/c 3T3
in vitro by utilizing the BALB/c 3T3 cell transfor- cell transformation, to a various extent, in the
motion test performed in the presence or in the absence of 5-9 mix. Cell transforming ability of
absence of 5-9 mix as an exogenous bioactiva- cyanazine and diflubenzuron was nat detect-
non system for the chemicals. All the assayed able in the presence of 5-9. C> 1993 Wiley-lill, lAc.
pesticides were cytotoxic in the absence of 5-9

Key words: cell transformation, environmental risk, multistep carcinogenesis, cell cultures,
pesticides metabolism

present study was to improve knowledge on the possible
carcinogenic risk to humans of these five pesticides. Indeed,
in vitro cell transformation is more closely related to in vivo
carcinogenesis-69-8S% correlation. according to IARC!
NCI/EPA Working Group [1985}-than most of the short-
tenTl assays.

MATERIALS AND METHODS

Chemicals

The pesticides utilized in the present study, reported in
Table I, we~ purchased from Promocbem GmbH (Wesel,
Germany). Benzo(a)pyrene (B(a)P) was provided by Sigma
Chemical Co. (S.t. Louis, MO), and 3-metbylcholantbrene
(3-MCA) was from Fluka Chemicals (Buchs, Switzerland).
Pesticides, B(a)P and 3-MCA we~ dissolve4 in dimethyl-
sulfoxide (DMSO) (Riedel-De Haen, Hannover, Germany)
because of their low water solubility, and 0.5% DMSo-
containing medium (final concentration) was utilized in
chemical-treated and control cultures.

Cell Cultures

The original stock of BALB/c 3T3 cells, clone A3I, was
obtained from American Type Culture Collection (Mary-

INTRODUCTION

Few and often inconclusive facts on the possible carcino-
genic risk of five pesticides-the fungicides dithianon. pro-
cymidone and vinclozolin. the herbicide cyanazine. and the
insecticide diflubenzuron-are available in the literature.
Cyanazine [EPA. 1985b) and diflubenzuron [EPA. 1985a)
are not carcinogenic in rodents; controversial data exist on
the oncogenic potential of procymidone [EPA, 1990); and
no data are available on dithianon and vinclozolin.

Diffe~nt results have been obtained from the short-term
tests of mutagenicity. Experiments on cyanazine each time
have given negative [Lusbyet aI.. 1979; Moriya et aI.,
1983). controversiaJ [Plewa et aI.. 1984), or positive
[Ahmed and Grant, 1972; Mumik and Nash, 1977] results.
Negative results have been obtained on dithianon [Shirasu et
aJ., 1976J and on diflubenzuron and its metabolites [FAOI
WHO. 1981; Moriya et aI., 1983]. Procymidone has tested
as mutagenic [Geprgopoulos et aI., J979)," whereas contro-
versial data have been obtained by Chiesara et al. [1982] on
vinclozolin in different experimental systems. Also, in a
previous study on genotoxicity of these five pesticides. we
have obtained negative results when testing sister chromatid
exchanges (SCEs) and unscheduled DNA synthesis (UDS.
DNA repair) in human peripheral blood lymphocytes (per-
sonal observations).

In this study, funher data are reponed on the in vitro ceU
transfonning potential on BALB/c 3T3 cells of these chem-
icals, with or without metabolic activation. The aim of the

@ 1993 Wiley-Liss, Inc.
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duce toxic effects on target cells observed in preliminary
experiments. Thus the final concentrations of activating sys-
tem ~xture components were: 50 ~I/ml 59 fraction, 2
J!.l/ml glucose-6-phosphate dehydrogenase, 0.2 mM glu-
cose-6-phosphate, 0.28 mM NADH, 0.25 mM NADP, and
0.27 roM NADPH.

land). Working cultures were expanded from the original
cryopreserved stock. Cells were grown in Dulbecco's modi-
fied Eagle's minimal essentiai medium (D-MEM, Gibco),
supplemented with 10% newborn calf serum. The antibiot-
ics streptomycin and penicillin were present at 50 lJ.g/mI and
50 units/mI, respectively. Cells were routinely tested for
mycoplasma contamination by the method of Schmidt et al.
[1984] and found infection free. Only subconfluent (60-
70% confluent) cultures were used in the assay, and the
target cells used in the transformation test were not main-
tained beyond the third pas$age after thawing. t

Cytotoxicity Test

Cells in exponential growth phase at the density of 3 x
102/60 mm culture dishes (four dishes/treatment) were incu-
bated fOT 24 hr at 37°C in 5% CO2 humidified atmosphere.
Three concentrations of each chemical, dissolved in 0.5%
DMSO, were diluted in culture medium, whereas 0.5%
DMSO was added to control cultures. Thereafter, ~ll cul-
tures were maintained in the presence of the chemicals for
72 hr without S-9 mix (in 10% serum-containing medium).
In the modified experimental procedure performed in the
presence of S-9 mix cells (in serum-free medium) were
exposed to the chemical for 4 hr. After: the exposure time.
medium was ~movcd and cell cultures were rinsed with
phosphate-buffered saline and refilled with fresh newborn
calf se~-containing medium. Culture medium was

Preparation of 59 Fraction and
Metabolic Activation

S-9 fraction was obtained following the experimental pro-
cedure previously reported [Colacci et aI., 1990] and essen-
tially based on the method by Ames et aI. '[ 1975] from adult
male inbred Wistar rats pretreated with phenobarbitone (1
g/liter in the drinking water) during the 6 days before the
sacrifice. The amount of each component of the activating
system was lowered with respect to that reponed in the
~commended protocol [Schechtman, 1985] in order to re-
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changed twice a week for the duration of the assay. After
7-10 days, cell cultures were fiXed with methanol, stained
with 10% Giemsa, and colonies containing more than 50
cells were scored and counted.

TABLE II. Cytotoxic Effects of Three Doses of Five
Pesticides Dissolved in 0.5% DMSO (rmal concentration
on BALB/c 3T3 Cells Cultured In Vitrot

Relative clonal

efficiency
(lI,)b

OonaJ
efficient

(CE)8
Dole

(lLg/m:T~tment

U n U'ea1ed
DMSO (0.5111)

Cyanazine
Cyanaz.ine
Cyanazine
Diflubenzuron
Diflubenzuron
Diflubenzuron
Dithianon
Dithianon
Dithianon
Procymidone
Procymidone
Procymidooe
Vinclozolin
Vinclozolin
Vioclozolin

Transformation Test
0.075

0.066
0.050
0.041
0.013
O.OSI
0.065
0.038
0.060
0.070
0.033
0.060
0.064
0.049
0.072
0.~1
0.043

112
100
7S.
62.
20-.
7~
98-
57..
90""

106-
~
90""
~
74.

108M
In-
65.

10
SO

100

~
100

.s
2S
.so

so
100

5
~
SO

tData ~ mean values of four cul~ plates/treatment: S.E.
-Number of colonies/3 x 102 seeded cells per plate.
try alues ~ expressed as total number of colonies per treatmenl relative
10 the negative control (solvent-ueated plates).
.'..Differences against control calculated by the Student's 1 test on 011
me mean number of colonies sco~ per plates; .p < .05, ..p < .01;
os = not significant

~

I DMSO-treated cultures) was assessed according to the dis-
tribution-free Mann-Whitney unpaired t-test.

Culture conditions and treatments were performed as de-
scribed jn the cytotoxicity test. Cells in exponential growth
phase at the density of 1 x l~/plate, in 10 replicates for
each treatment, were exposed to the chemicals. Subtoxic or
nontoxic doses of each pesticide were chosen according to
the results. obtained in cytotoxicity assays and tested for
transfonning potential. Untreated and DMSO-treated cul-
tures were used as negative controls. Positive controls were
performed by utilizing 3-MCA or B(a)P as b'ansforming
agents in the absence or in the presence of the S-9 mix
activating system, respectively.

Two different experiments were performed following the
methods previously described [Schechtman, 1985; Colacci
et aI., 1990]. The first assay was carried out in order to
defme the stBndard parameters of experimental procedure.
Cells were exposed to the different pesticides in the absence
of 5-9 mix-induced bioactivation. In the second experiment
cells were exposed to die assayed pesticides for 72 hr in the
absence of exogenous bioactivation and 4 hr in die presence
of S9-mix. After 2 weeks a level II amplification test was
performed by pooling the contents of five confluent plates
and reseeding cells at 1 X lOS cells/culture plate in 10
replicates for each treatment.

Plates from level-I and level-II transformations were
fixed with methanol, stained with 10% aqueous Giemsa,
and scored for the presence of transformation foci 45 days
after the treatment.

RESULTS

I
Scoring of Foci

Only positive foci (type Ill) were scored according to
Schechtman [1985] and to IARC/NCI/EPA Working Group
(J985]. Transformation frequencies were assessed by.calcu-
lating: (1) the total number of foci per group of scored
plates, (2) the average number of foci/plate/each treatment
:t. standard error (SE), and (3) the transformation frequency
(TF), i.e., the total number of foci obtained in each treat-
ment per number of cells at risk (surviving cells after each
treatment estimated by the clonal efficiency observed in the
cytotoxicity assay) [Co1acci et al., 1990]. The TF index is a
more reliable expression of the real cell transforming activ-
ity, since it takes into account the cell clonal efficiency.

Statistical Analysis

Clonal efficiency after exposure to the chemical was ana-
lyzed by the Student's t-test. The significance of the differ-
ence between the number of foci obtained in each chemical-
treated group and that detected in the negative control (0.5%

Table n reports the data from cytotoxicity assays per-
formed with. three doses of each pesticide in the absence of
metabolic activation. Dose-employed in this test for each
chemical were chosen according to the cytotoxicity shown
in short-term tests of genotoxicity previously performed on
human peripheral blood lymphocytes (personal observa-
tions). Only the highest assayed dose of each pesticide was
toxic for cultured BALB/c 3T3 cells. Thus subtoxic or non-
toxic doses (50 ~g/ml for cyanazine, diflubenzuron and
procymidone and 25 ~g/mJ for dithianon and vinclozolin)
were chosen in ordeito assay cell transformation activity of

pesticides.
Results from the level-I cell ttansforrnation test, obtained

after treatment of ceO cultures with a singlt dose of each
pesticide in the absence of metabolic activation, are shown
in Table ill.

The mean number of focj/plate detected in the cultures
treated with cyanazine, diflubenzuron, procymidone, and
vinclozolin was significantly higher than that observed in
untreated cells or 0.5% DMSO-treated-controls. By con-
trast, the number of foci in the dithianon-treated plates did
not appear statistically different from that obtained in the
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TABLE III. In Vitro BALB/c 3T3 Cell Transfonoation,
Expressed as the Number or Level-I Transfonnation Foci,
by a Single Dose or Five Pesticides Dissolved in 0.5% DMSO
(final concentration)

the same dose reported in Table III either in the presence or
in the absence of metabolic activation. Without exogenous
activation, diflubenzuron, dithianon, procymidone, and vin-
clozolin induced TF values significantly higher than those
obtained in negative controls. Moreover, the TF value of
cyanazine-treated cultures was even similar to that induced
by a 20-fold lower amount of 3-MCA used as cOntrol. How-
ever, in the presence of the metabolizing system. cyanazine
and diflubenzuron were unable to transform BALB/c 3T3
cells, whereas ditbianon was twofold more effective than in
the absence of 5-9 mix. Finally, TF value of dithianon was
similar to that induced by a to-fold lower amount of the
positive control, B(a)P.

Table VI summarizes all data obtained about the cytotoxic
and transforming activities exerted by the assayed pesti-
cides.

-Transformation frequency (TF): mean number of tnnsformation foci
per number of cells at risk detennined by cytotoxicity test (CE).
.'..'...Differences against conttols according to distribution-free
Mann-Whitney unpBired t-test; .p < .01, ..p < .05. 05 <
P <.1

DISCUSSION

All the chemicals tested under the experimental condi-
tioos described here induce, to various extents. cell transfor-
mation. However. their relative cell-transforming potencies
(effect/mmol dose) are 1-2 orders of magnitude lower than
those of the greatly potent carcinogens used as positive
controls (3-MCA and B(a)P). Furthermore, the addition of
59-mix seelOS to affect bodi cytotoxicity and b'ansfonning
activity of some of the assayed pesticides. Cyanazine, which
is cytotoxic at all die assayed doses, and diflubenzuron,
whose cytotoxicity is detectable only at the highest assayed
dosage, are detoxified by 59-mix. and their transforming
activity is inhibited.

It is difficult to define whether the transforming activity
of the assayed pesticides can be due to initiating or promot-
ing effects or both. Controversial, often inconclusive. exist-
ing data from short-term tests measuring genotoxic end-
points do not allow any conclusions to be drawn on the
activity of these compounds as mutagenic agents. We have
also tested the pesticides for their ability to induce SCEs or
UD5 in human peripheral blood lymphocytes. These tests
have yielded negative results (P. Perocco, personal commu-
nication). However. pesticides employed at the same dos-
ages as those utilized in these assays have been able to
induce cell transformation. Unlike SCEs. UDS and other
short-term tests that are suitable assays for revealing the
initiating events related to carcinogenesis process, i.e., gene
mutations or DNA damage. BALB/c 3T3 cell transforma-
tion model may be utilized for assaying envircft1mental
agents that could exert their carcinogenic action through
nongenotoxic (promoting?) mechanisms. BALB/c 3T3 cells
are considered nontumorigenic cells that exhibit the proper-
ties of postconfluence inhibition of cell division and anchor-
age dependence. However, they undergo spontaneous mor-
phological transfonnation in response to conditions of
constrained growth and acquire tumorigenic properties
when injected attached to glass beads into animals [Boone,

.

.

controls under these experimental conditions. The treatment
with the different pesticides led to TF values at various
extents. Thus with respect to the TF values detected in the
negative controls, cyanazine and procymidone led to > six-
fold higher TF values, the treatment with diflubenzuron and
vinclozolin gave rise to a TF value> threefold higher,
whereas the TF value from dithianon-tteated plates was >
twofold higher. On the whole, the TF values and the statis-
tical differences in foci distribution seem to show that cy-
anazine and procymidone are the most effective in inducing
cell transforD1ation.

Table IV shows results of a second cytotoxicity test per-
fOrD1ed with three doses of pesticides on BALB/c 3T3 cells
cultured in the presence and in the absence of an exogenous
metabolizing system (j;: $-9 mix). In the absence ofbioacti-
vation, the overall picture was rather similar to that shown in
Table II. Indeed, cyanazine and dithianon were the most
toxic agents, wheteas diflubenzuron, procymidone and vin-
clozolin elicited cytotoxic effects only at the highest assayed
doses. The presence of $-9 mix seems to lead to a deactiva-
tion of cyanazine, whereas more confusing results have been
obtained with respect to diflubenzuron and vinclozolin. The
mean number of colonies detected after the treatment with
diflubenzuron at the dosage of 100 IJ.glml, which is the only
cytotoxic dose in the absence of metabolic activation. is not
statistically different from that obtained in the negative con-
trols, suggesting the pesticide deactivation by adding $-9
mix. The relative clonal efficiency of cells treated with
either diflubenzuron or vinclozolin. indeed, seems to indi-
cate an activating effect by $9-mix at the lower doses and
inactivation at the highest dose. It is difficult to draw any
conclusion on the basis of these results.

The results from !;he level-ll cell tranSformation assay in
BALB/c 3T3 cell cultures treated with pesticides are shown
in Table V. In this experiment pesticides were employed at
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TABLE IV. Cytotoxic Effects of Three Doses of Five Pesticides Dissolved in 0.5% DMSO (rmal concentration) on BALBic
3T3 Cells Cultured In Vitro in the Absence (-S9-mix) or in the Presence (+S9-mix) of an Exogenous Metabolizing Systemt

-

59-mix 59-mix

Dose

(lLg/ml)

Mean number of
colonies/plate

Qonal
efficiency-T~tment

Untteated
DMSO (0.5%)
3-MCA
B(a)P
Cyanazine
Cyanazine
Cyanazine
Diflubenzuron
Diflubenzuron
Diflubenzuron
Dithianon
Dithianon
Dithianon
Procymidone
Procymidone
Procymidone
Vinclozolin
Vinclozolin
Vinclozolin

39.~:; 2.6
31.2 :; 2.9
19.0:; 2.8*

;131

.104

.0632.", 2.5

~

.,g

100

10
SO

100
S

2S
SO
10

SO
100

.5
2S

SO

19.2 :t: 2.0*
27.0:t: 1.0""
24.0:t: 3.2M
22.0 :t: 3.2-
21.0:t: 2.1-
23.0 :t: 3.9""
24.0 :t: 2.S-
22.S :t: 2.6-
1S.7:t: 0.8**
11.S:t: 0.9**
21.3:t: 1.6-
25.6 :t: O.~
2O.0:t: 2.~
21.6:t: 3. ~
19.6:t: 0.3*
22.6 :t: S. ~

.064

.090

.080

.073

.070

.077

.080

.075

.052
,038
.071

085
.067

072

06S
.075

19. 7:t 3.0*
12.5:t 1.0**
8.5:t 1.2**

35.0:t 3.7-
27.5:t 1.r
20.2 :t 0.8*
28.2 :t 3.'-
20.0 :t 0.8*
11.0~ 1.3*.
27.0:t 1.0-'
33.5:t 1.5""
21.0 :t 3.'.**
32.5:t 1.9""
29.6 :t 0.888
19.7:t 2.7*

.065

.041

.028

.116

.092

.067

.094
,067
,037
,090
112
070
108
098
,063

63
40

27

112
88
65
90
64
35
87

107
67

104
9S
63

101
90
83
78
86
90
84
S9
43
80
96
7S
81
74
85

tOam aI:e mean values of four culture plates/treatment:!: S.E.
-Clonal efficiency (CE): number of colonies/3 x 102 cells seeded per plate.
'-rotal number of colonies per treatment relative to the negative control.
.'..'...Significant difference from control (solvent-treated plates) at the Student's t test; .p
significant.

os, ..p < .01, 05 < P < ns ..

TABLE V. In Vitro BALB/c 3T3 Cell Transformation, Expressed as the Number of Level-II Transformation Foci, j)y a
Single Dose of Five Pesticides Dissolved in 0.5% DMSO (final concentration), in the Absence (-59-mix) or in the Preseru
(+S9 mix) of an Exogenous M~lizing System

Dose
"(lJ.giml)

TP
(x lO";~Treatment

Untreated
DMSO (0.5%)
3-MCA
B(a)P 2.55 ~ 0.47*
Cyanazine 0.16 ~ 0.16""
Diflubenzuron 0.22 ~ 0.14""
Dithianon 2.00 = 0;63**
Procymidone 1.66 ~ 0.33**
Vinclozolin -~ 0.87 ~ 0.39""

8'fransfonnation frequency (TF): mean number of transformation foci per number of cell at risk detennined by cytotoxicity test (CE).
*'**Differences against controls according to distribution-free Mann-Whitney unpaired t-test; *p < .01, **p < .0.5; ns ~ not significant

~6
~
1n

0.50 :t: 0.22
0;33 :t: 0.16
3.00 :t: Q.61 *

3.8
3.2

47.6

.
3/9
2n

0.33 :t 0.16
0.28:!; 0.18

4,.1

3.2
f

t:s
2.-"

SO
SO
2.S

~
2.S

919
1/6
219
SfS
8/9
4/8

39.8
2.0
2.9

38.5
19.5
13.4

6/7
&7
8/9
1/8
118

1.71 :t 0.42**
1.57:t 0.36**
1.44 :t 0.33*
2.25 :t 0.67**
1.87:t 0.85.*

41.7
17.1
21.S
20.1
19.1

1974]. It is highly probable that initiated cells already are
present in BALB/c 3T3 cell population asa consequence of
the acquisition of an indefInite lifespan (immortalization)
[Newbold et aI.; 1982; Barrett et aI., 1986], which involves
the activation and/or deregulation of particular genes [Bal-
main and Brown, 1988]. Whether the assayed pesticides can
be considered as agents that "promote" initiated BALB/c

3T3 cells or induce further genetic alterations is an open
question that requires further investigations.

It should be emphasized that even some human carcino-
gens, e.g., asbestos and diethylstilbestrol, that give false
negative results in other short-term tests of mutagenicity can
induce in vitro cell transformation [B~n et al., 1986].
Consequently, the positive fmdings reported here could be
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TABLE VI. Effects of Exogenous Bioactivation on
Cytotoxicity and Transformation Activity by the
Assayed Pesticides

Cytotoxicity

-S9.,mix +S9u\ix

relevant in assessing hazard and risk associated with the
human exposure to the (tested) pesticides. Indeed, they
could act in the environment as "syncarcinogenic" or "co-
carcinogenic" agents interacting with other ~notoxic or
nongenotoxic chemicals. Results reported here show that
the in vitro BALB/c 3T3 cell transformation can be vali-
dated as a suitable model for the analysis of carcinogenic
potential also of many other nongenotoxic pesticides.
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Adaptation to oxidative stress: effects of vinclozolin and
iprodione on the HepG2 cell line
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Abs1J"act

It is well known that the dicarboximide fungicides, vinclozolin and iprodione, induce lipid peroxidation by means
of oxygen activation in fungi, but their action on mammalian cells is not yet clear. We therefore investigated the effect
of 1- and 24-h treatments with vinclozolin at ~ncentrations of 25, 50, 100 ILg/ml and iprodione at concentration of
62.5, 125,250 l1g/ml on malonaldehyde and free radical production and on reduced glutathione levels in the human
HepG2 hepatoma cell line. The concentrations were chosen on the basis of neutral red cytotoxicity assays. One-hour
treatment with the different concentrations of either vinclozolin or iprodione increased both malonaldehyde and free
radical content, and decreased reduced glutathione levels, whereas 24-h treatment decreased malonaldehyde content
and free radical production, and increased reduced glutathione concentration. These results suggest that the
mammalian cells respond to the initial oxidative damage caused by the two dicarboximide fungicides by means of a
characteristic adaptative phenomenon within 24 h. This hypothesis is supported by the antagonized effects caused by
treatment with the two dicarboximide fqcides and buthionme sulfoximine 0.5 mM, a specific and irreversible
inhibitor of reduced glutathione synthesis. The data confinn that the two dicarboximide fungicides maintain their
specific action in mammalian cells, although this action is masked by adaptation. It> 1998 Elsevier Science B. V. All
rights reserved.

Keyword,,: VinclozoUn; Iprodione; Free radical damage; Reduced glutathione; Buthionine-sulfox.imine; HepG2 cells

1. Introduction
Abbreviations: BSO, buthionine sulfoximine; DCFH-DA,

2'-7'dichlorofiuorescin dia~tate; DCOFs, dicarboximide fungi-
cides; 'YGCS, r-glutamyicysteine synthetase; GSH, ~u~d
glutathione; MDA, malonaldehyde; TCA. trichloroacetic acid.
. . Corresponding author. Tel.: + 39 2 70146389; fax: + 39 2

730159; e-mail: tossicol@imiucca.csi.unimi.it

The dicarboximide fungicides (DCOFs) vinclo-
zolin and iprodione have been introduced as agri-
cultural fungicides over the last 20 years (Orth et
al" 1992; Ronis and Badger, 1995). The cyclic

0300-483X/98/S19.00 C 1998 Elsevier Science B.V. An rights reserved.

Pll: SO300-483X(98)OOO86-9
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Fig. 1. Effects of different concentrations of vinc1ozolin on GSH (8) and MDA (8) levels in HepG2 cells treated for 1 h. The
results are the mean:t. S.E.M. of five experiments. C, oontrol. . P < 0.05 of .. P < 0.01 va oontrol cells.

imide component in the two DCOFs may be an
oxazolidine-dione (vinclozolin) or a hydantoine
(iprodione), which lead to understandable differ-
ences in their degree of activity against listed
pathogens and shifts in their spectrum of activity
(pommer and Lorenz, 1987).

The two DCOFs have been used for many
years to protect bulb and other flower crops
against Botrytis in tulips, Sclerotina bulborum in
hyacinths, Botrytis curvularia and Stromatinia in
gladioles (Edlich and Lyr, 1992).

The mode of action of DCOFs has been the
subject of many studies, none of which have
conclusively identified the primary target site be-
cause of a lack of knowledge concerning the
mechanism of action of the dicarboximide group,
the effectS of which include mitotic instability
(Georgopoulos et al., 1979), somatic chromosome
segregation (Orth et ai., 1992), lanosteroll4a-hy-
droxylase inhibition (Ronis and Badger, 1995),
increased free fatty acid levels (pappas and Fisher,
1979), and increased levels of micronucleated ery-
throcytes in bone marrow cells (Hrelia et aI.,
1996). Although these do not indicate a primary
action that can be regarded as the basis for the
very different effects observed in fungal cell
metabolism, a current theory proposes that the
active oxygen species generated by these com-

pounds initiate lipid peroxidation (Edlich and
Lyr, 1992). This induction of lipid peroxidation is
probably due to oxidative damage of several cell
compartments mediated by oxygen activation
rather than to the direct conversion of the fungi-
cides into free organic radicals (Edlich and Lyr,
1992).

The aims of this study were to verify whether
vinclozolin and iprodione are also capable of
causing O2- mediated radical damage in mam-
malian cells, and if this occurs, whether this pri-
mary lesion could be follewed by an adaptative
phenomenon.

To this end malonaldehyde (MDA) and re-
duced glutathione (GSH) contents, as well as the
production of free oxygen radicals were evaluated
as poSSlole markers of damage in the HepG2
hepatoblastoma cell line (Duthie et al., 1995).

2. Materials and methods

2.1. Test materials

Penicillin-streptomycin solution, fetal bovine
serum, pyruvic acid, L-glutaIriine, 2'- 7'-dichlor-
ofluorescln diacetate, and the materials for the
GSH and MDA assays were purchased from
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Fig. 2. Effects of different concentrations of iprodione on GSH (8) andMDA (.) levels in HepG2 cells treated for 1 h. The results
are the mean :t S.E.M. of Dve experiments. C, control * P < 0.05 of **p < 0.01 vs control cells.

23. Cytotoxicity assay

In order to exclude highly toxic concentrations,
neutral red uptake cytotoxicity assays were per-
formed according to the method of Zhang et al.
(1990). After removing the medium, 1 m1 of neu-
tral red solution was added to each plate. Aft« 3
h of incubation at 37°C, the solution was removed
and the cells rapidly washed with 1 m1 of fixative
(1% formaldehyde, I%CaC1~. A 1 m1 solution of
1% acetic acid and 500/0 ethanol was added to
each plate in order to extract the dye and the
plates were read at 540 DIn after being left for I h
at room temperature.

Sigma-Aldrich S.r.l. (Milan. Italy). RPMI 1640
medium was purchased from Labtek S.r.l. (Cor-
sico. Milan. Italy).

Vinclozolin and iprodione were supplied by
Lab Service Analytica (Bresso, Milan. Italy).

2.2. Cell cultures and treatments

2.4. Intracellular GSH measurements

The samples for measuring GSH were pr:o-
cessed according to the methods of Hissin and
Hilf, (1976). After washing twice with phosphate
butTer pH 7.4, the cultured monolayers were
scraped into 6.5% TCA; 4.5 ml of phosphate
EDT A buffer pH 8 was added to 0.5 ml of the
100.000 g supernatant. The final assay mixture (2
ml) contained 100 J!1 of the diluted supernatant,
1.8 ml of phosphate EDT A buffer pH 8, and 100
I.L1 of the o-phthalaldehyde solution, containing

The human HepG2 cell line was obtained from
the American Type Culture Collection (ATCC,
Rockville, MD). The cells were cultured in RPMI
1640 supplemented with 100/0 fetal calf serum,
0.03% glutamine, 0.11 g/l pyruvate, 100 ~g/ml
streptomycin and 100 V/ml penicillin in a humi-
dified atmosphere with 5% CO2 at 37°C.

The cells were split 1:3 every 7 days. The
medium was changed every 2- 3 days and all of
the enzyme activity measurements were carried
out on confluent cells 7 days after subculture.

The confluent monolayers of the HepG2 cell
line were treated for 1 and 24 h with a medium
containing the substances at the concentrations
indicated in the individual figures. Vinclozollil
and iprodione were dissolved in DMSO. All of
the experimental and control incubation solutions
contained a 0.1% ftnalconcentration of DMSO.
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Fig. 3. Effects of different concentrations of vinclowlin on GSH (8) and MDA (8) levels in HepG2 cells treated for 24 h. The
results arc the mean:t S.E.M. of five experiments. C, control. . P < O.OS of .. P < 0.01 VI control cells.

with n-butanol and fluorescence measured at 553
nm (excitation 515 nm). Tetraethoxypropane and
absolute ethanol were used to prepare MDA
standards.

2.6. Assay for reactive oxygen species

100 ~g .of o-phthalaldehyde. After thorough
mixing and incubation at room temperature for
15 min the fluorescence was read at an emission
wavelength of 420 nm and an excitation wave-
length of 350 nn1.

This assay was suitable for routine aSH mea-
surements, and was detennined to be compara-
ble to the HPLC method in terms of its
specificity and sensitivity for aSH.

Proteins were measured by the method of
Lowry et aI. (1951), using BSA as standard.

2.5. MDA measurements

The production of oxygen reactive species was
assessed using a method of Le Bel et aI. (1990).

The cell homogenates were loaded by incuba-
tion in low Ca2+ PBS containing 5 11M 2'-7'-
DCFH-DA for 15 min at 3~C. The
2'- 7'-DCFH-DA was dissolved in ethanol as a
1000X stock solution..

The formation of the fluorescent oxidized
derivative of DCFH-DA was monitored at an
excitation wavelength of 488 DIn and an emis-
sion wavelength of 525 DIn. The cuvette holder
.was thermostatically maintained at 37°C.

MDA content was assessed by a modification
of the thiobarbituric acid assay as previously de-
scribed (Goldlin and Boelsterli, 1991).

The cells and medium were ultrasonicated for
15 s and TCA (275 ~) was added to the ho-
mogenate to give a final concentratio.n of 5%
wfv. After centrifugation (1000 x g, 10 min), 2
m\ of the supernatant was transferred to a Pyrex
tube and mixed with 2 ml of thiobarbituric acid
solution (0.6% wjv). The tubes were then placed
in boiling water (lOQoq for 15 min. After cool-
ing, the mixtures were extracted with 1.6 ml 11-
butanol. The butanol extracts were diluted 1:1

2.7. Statistical analysis

The data are expressed as mean values::t
S.E.M., and were analysed by one-way ANOY A.
Statistical significance was determined by the
post-hoc followed Duncan's test in .which P<
0.05 was accepted as statistically significant.
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Fia. 4. Effects of different oonccntraUODS of iprodione on GSH (.) and MDA (.) le~1s in HepG2 ccus treated for 24 h. The
results are the mean:t; S.E.M. of five experiments. C. control. P < O.OS of .. P < 0.01 vs oontrol cells.

3. Results

The viability of the ceI1s treated with different
concentrations of vinclozolin and iprodione for 1
h, and with the same substances in the presen~
and absence of BSO 0.5 mM for 24 h, ranged
from 100 to 750/0. The ~ co~trations mU$t
be considered not CYtotoxic for the cell clone
~d. Vinclozolin 100 lJ.g/ml and iprodione 250
lJ.g/ml. were the maximum soluble doses under the
d~ ex.perimental conditions.

. Treatment for 1 h with vinclozolin 50 and 100
lJ.g/ml (Fig. 1) decreased GSH content to 17 and 9
DIIlol/mg protein (P < 0.05); following treatment
with 25 lJ.g/ml, the GSH content remained ~-
tially unc~P-d. With 125 and 250 IJ.8/ml of
iprodione (Fig. 2), GSH levels decreased to 15
an,d 7.6 nmol/mg protein (P < 0.05) but did not
change after treatment with 62.5 lJ.g/ml.

On the contrary, the 24-h trea~ts with 50
and 100 J.1g/ml ofvinclozolin (Fig. 3) and with 125
and 250 IJ.g/ml of iprodione (Fig. 4) increased
GSH content (P < 0.05) with the greater increases
being observed at the highest concentrations of
the two fungicides (74 and 75 nmol/mg, protein
respectively). There was no statistically significant
increase observed at the low concentrations of
vinclozolin and iprodione, respectively.

To evaluate whether DCOFs action can be
attributed to an adaptation to oxidative stress,
GSH content in the presence of BSO 0.5 mM and
the two DCOFs was determined. BSO was chosen
because it is a specific irreversible inhibitor of
yGCS (Visarius et al., 1996), whiCh is known to
be an enzyme involved in adaptation phenomena.

Fig. 5 shows the GSH content of cells treated
with vinclozolin and iprodione in the presence of
BSO 0.5 mM for 24 h. The yGCS inhibitor antag-
onized the irY:.rease in GSH content: GSH values
of 46, 57 and 74 nmo1/mg protein for 25, 50 and
100 lJ.g/ml of vinclozolin, became 7.9, 7.1 and 7.6
nmol/mg protein; those of 52, 67 and 75 nmol/mg
protein for 62.5, } 25 and 250 I18/ml of iprodione
became 7.1, 7.4 and 8 nmol/mg protein.

The two higher concentrations of DCOFs
caused an increase in MDA content (Figs. I and
2) after 1 h treatment: the inaease was to 3.1 and
5 DIDol/mg protein after vinclozolin 50 and 100
~g/ml (P < 0.05), and to a 4.4 and 6 nmol/mg
protein after 125 and 250 ~g/ml iprodione (P <
0.05). The concentrations of 25 IJ.g/Inl and 62.5
lJ.8Iml for vinclozolin and iprodione respectively
did not modify MDA content.

On the contrary, 24 h treatment with vinclo-
zolin (Fig. 3) and iprodione (Fig. 4) reduced
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Fig. 5. Effects of different con~trations ofvinclomlin and iprodione in the preRD~ of BSO 0.5 mM on GSH levels in HcpG2 ~11s
treated for 24 h. The results arc the mean :I: S.E.M. of fi'Ye experiments. c, control

for 24 h. As shown in Fig. 7, 50 and 100 J!&'m1
of vinclozolin decreased the level of reactive
oxygen specim to 67 and 4'lO/~ of control values,
125 and 250 'fJ.8/ml of iprodione, to 66 and 400/0
(Fig. 8). At 24 h, vinclozolin 25 ~g/m1 and ipro-
dione 62.5 JJ.g/ml did not lead to any variation
in the production of reactive oxygen ~.

4. Discussion

As stated in the introduction, the action of
vinclozolin and iprodione involves the generation
of reactive oxygen species (pommer and Lorenz.
1987): inaeased levels of superoxide were found
by Natvig (1982) in studies of fungal organisms,
and DCOFs-treated fungi have been found to
counteract this event by significantly increasing
catalase activity (Edlich and Lyr, 1992). More-
over, strong evidence in favour of the above hy-
pothesis comes from the fact that antioxidant
decreases or even annihilates the oxidative stress
imposed on DCOFs-treated fungal peroxidation.
The addition of a-tocopherol acetate not only
antagonizes the inhibition of growth, but also
d«;reases the level of peroxides to the level of
untreated controls (Fukuzawa et al., 1995).

MDA content: treatment with 50 and 100 J18/ml
of vinclozolin significantly decreased MDA con-
tent to 0.5 and 0.8 nmol/mg protein (P < 0.05);
tea~t with 125 and 250 lJ.g/ml deaeaaed
MDA to 0.9 and 0.6 nmol/mg protein (P <
0.05). No significant variations were observed at
the lowest con~trations of either vinclozolin
and iprodione.

MDA content was also evaluated in the pres-
ence of BSO 0.5 mM. In this cax. treatment
with vinclozolin led to the return of MDA con-
tent to control values, although there was a
trend towards an increase at the highest concen-
tration (Fig. 6). The trend was similar but more
marked after simultaneous iprodione and BSO
0.5 mM treatment (Fig. 6), with iprodione 125
and 250 lJ.g/ml increasing MDA to 3.1 and 4
nmol/mg protein respectively (P < 0.05).

An increase in reactive oxygen species was ob-
served in the cells treated for I h with 50 and
100 IJ.g/ml of vinclozolin (Fig. 7) and 125 and
250 lJ.g/ml of iprodione (Fig. 8). There was no
change at the lowest concentrations of either
drug. but the increases versus cOntrols (1000/0)
were 59 and 10911/0 at 50 and 100 1J.g/ml of vin-
clozolin, respectively, and 64 and 111% at 125
and 250 lJ.g/ml of iprodione. On the contrary, an
opposite trend was observed in the cells treated
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Fig. 6. Effects of different concentrations of vinclowlin and iprodione in the prexnce of BSO 0.5 mM on MDA kvell in HcpG2
cells treated for 24 h. The results ate the mean :f: S.E.M. of Jive experiments. C, control- P < O.OS of -- P < 0.01 VI control cells.

et aI., 1996). There is evidenre to suggest that the
increase in )lacs activity and aSH content con-
tributes towards greater toleranre to higher de-
grees of oxidative stress (Ra bman et. aI., 1996;
Tian et aI., 1997).

Rahman et al. (1996) have demonstrated in-
creased intraCellular aSH levels associated with
increased ')IGCS activity in the alveolar epithelial
rells exposed for 24 h to menadione and hydrogen
peroxide. The free radicals generated by mena-
dione and hydrogen peroxide may modulate AP-l
and hARE transcription factor, and induce tran-
scription by promoting their binding to the
oligonucleotide consensus region of the yGCS-
heavy subunit promoter. It has recently been
demonstrated that cigarette smoke, which con-
tains 1014-1016 free radicals/puff, increases aSH
content and )lGCS heavy subunit expression in
human alveolar type II rells (Rahman et aI.,
1996). The treatment of L2 epithelial rells with
different conrentrations of tert-butylhy-
droquinone also leads to an up-regulation of both
)I-gIutamyltranspeptidase and iGCS as an adap-
tative re$Ponse to oxidative stress (Choi et aI.,
1997). Moreover, other quinones such as DMNQ
and ~nadione indure aSH to a similar extent
and are thus also expected to have a similar
protective effect (Shi et aL, 1994; Forman et aI.,
1995).

Our results appear to show that both vinclo-
zolin and iprodione have a different action on
mamm~ 1ian cells, such as HepG2, at the two
highest doses used in this study. Aft~r 24 h treat-
ment, both DCOFs induce a decrease in MDA
concentration and free radical production, to-
gether with an increase in GSH. The decrease in
MDA concentration and free radical production
may be a direct consequence of the increased
amount of GSH, because intracellular GSH plays
a central role in cell defense against oxidative
stress by maintaining the intracellular reducing
environment and reducing the production of reac-
tive oxygen species (De Meyts et aI., 1992; Lu ct
aI., 1992; Tian etal., 1997). The capacity of a cell
to maintain its intracellular GSH content during
an oxidative challenge is therefore important to
prevent the loss of cell function and integrity
(Tian et aI., 1997).

It is well known from the literature that the
capacity of mammalian cells to maintain cell func-
tion homeostasis during oxidative stress depends
on the rapid induction of protective antioxidant
enzymes (Rahman et aI., 1996).

The cells challenged with GSH depleting agents
or sublethal oxidative stress increased GSH syn-
thesis (Tian et al., 1997) as a consequence of an
upregulation of yGCS gene expression (Rahman
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These data show that the increased aSH lev-
els, as a protective response, is always preceded
by an initial harmful response due to free radi-
cals (Shi et ai., 1994; Rahman et aI., 1996,
1997). Woods et al. (1992) have also demon-
strated that the initial effect of methyl mercury
hydroxide treatment is pronounced renal aSH
depletion, whereas prolonged treatment enhances
kidney aSH content.

Like those data already described in the litera-
ture, our results show that the increase in GSH,
and the ded:ease in MDA and fr~ radicals,
caused by the DCO F s after 24 h was preceded
by radical effects in the short term (1 h) charac-
terised by a drop in aSH levels and an increase
in MDA and fr~ radicals.

The trend of this phenomenon therefore sug-
gest that it is a characteristic of cell adaptation.

The confirmation that }lGCS is ~1i~~y im-
plicated in this phenomenon is given by the fact
that, if treated with BSO, a potent irreversible

~ I I r
0 62.;S 125 2.10

Concentl3tion (}Ig/ml)

Fig. 8. The fonnatioD of reactive oxyaen species at different
doses of iprodiODC 1 b (8) and iprodione 24 b (0). The data
are preacnted as the arithmetic mean percent of the control
valuea.".

~

/
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inhI"bitor of )lGCS (Vlsarius et al., 1996), the
increase in GSH content secondary to treatment
with the two DCOFs is completely annulled.
Moreover, the ~ in GSH levels is acc0m-
panied by an increase in MDA content. These
data support the idea of the participation of
yGCS mRNA excluding other possible glUCQ-
genic pathways.

In conclUsion, we have shown that prolonged
in vitro treatment with vinclozolin and iprodione
leads to a progressive increase in GSH levels.
This effect is probably associated with an in-
creased in the relative abundance )lGCS mRNA.
These findings provide evidence that increased
synthesis of GSH occurs as an adaptative re-
sponse to vinclozolin and iprodione-induced oxi-
dative stress in mammalian cells and confirm
that vinclozolin and iprodione are also capable
of maintaining their specific action of inducing
free radical damage in mAmmalian cells, al-
though this action is masked by an adaptative
phenomenon.

~-
0

0 1 I I I
0 2S so 100

Coocentration (}lg/ml)

Fig. 7. The ronnation or reactive OXYFD species at different
doses or vinclozolin 1 h (e) and vinclozolin 24 h (0). The data
are presented as the arithmetic mean percent or the oontrol
values.
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MEMORANDUM
~a:

PREVENTION. PESTK;IDES AND
TOXK; SU8STAtCESSUBJECT: Carcinogenicity Peer Review of Iprodione

FROM: Esther Rinde, Ph. D. !. ~~-
Manager, Carcinogenicity Peer Review Committee
Science Analysis Branch
Health Effects Division (7509C)

TO: Steven D. Robbins
Product Manager # 21
Fungicide-Herbicide Branch
Registration Division (7505C)

and

Kathy Davis, Section Chief
Accelerated Reregistration Branch, Review Section II
Special Review and Reregistration Division (7508W)

THROUGH: penelopeCPenaer-crisp, Ph.D.
Directorl ~arth Effects Division (7509C)

The Health Effects Division Carcinogenicity Peer Review Committee
(CPRC) met on February 23, 1994 to discuss and evaluate the weight-
of-the-evidence on Iprodione with particular reference to its
carcinogenic potential. The CPRC concluded that Iprodion~ should
be classified as a Group 82 - Probable Human Carcinogen - based on
evidence ot tumors in both sexes ot the mouse and in the male rat,
and that tor the purpose of risk characterization, a low dose
extrapolation model be appl~ed t~ the animal data for the
quantitication ot human risk (Q1). The CPRC recommended that a Q}*
be determined for the hepatocellular combined adenoma/carcinoma tor
both sexes of the mouse and also separately for the testicular
tumo~s in the male rat.
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SUMMARY

Administration of Iprodione in the diet for 99 weeks to Charles
River CD-l mice resulted in statistically significant increases in
hepatocellular tumors in both sexes of Charles River CD-l mice.
Female mice also had a statistically significant increase in
ovarian luteomas.

Administration of Iprodione in the diet to Charles River Sprague
Dawley rats for 2 years resulted in a statistically significant
increase in testicular interstitial cell tumors in males.
[Details are provided in section F. "The Weight of Evidence".]

Iprodione was tested in a variety of mutagenicity studies and found
to be negative in all but .a Bacillus subtilis assay.

Iprodione is structurally similar to Procymidone which was
classified by the CPRC as a Group B2 carcinogen, and Vinclozolin
(not yet peer reviewed). Both Procymidone and Vinclozolin are
associated with testicular tumors in the rat and liver tumors in
the mouse (as well as other tumor types).

There were no data provided on hormonal mechanisms to attribute the
carcinogenic response as being secondary to the toxicity of the
chemical.

The classification of Group B2 was based on evidence of increased
incidences of tumors in 2 species: hepatocellular tumors in both
sexes of the mouse, ovarian tumors in female mice and testicular
interstitial tumors in male rats.
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B. Material Reviewed:

The material available for review consisted of DER's, one-liners
and other data summaries prepared and/or supplied by Dr. Linda
Taylor, and tables and statistical analysis by Lori Brunsman. The
material reviewed is attached to the file copy of this report.

c. Backaround Information

Iprodione [3-(3,5-dichlorophenyl)-N-(1-methylethyl)-2,4-dioxo-l-
imidazolidinecarboxamide]i [3-(3,S-dichlorophenyl)-N-isopropyl-2,4-
dioxoimidazolidine-l-carboxamide] is a broad spectrum, contact
fungicide formulated for use on a variety of crops, among them are
fruit trees, berry fruit, vines, vegetable crops, cereals, rice,
oilseed rape, sunflower, ornamental crops, and turf. It is known by
the tradename Rovral~ and Glycophene. The molecular formula is
C13H13C12N303 (MW 330.16). Iprodione has a vapor pressure of < 10~
mID Hg at 20° C and a solubility of 13 mg/L in water at 20° C. [See
Figure 1 (file copy) for structure].

The Caswell (or Tox Chem) Number of Iprodione is 470A, the
Shaughnessey Number is 109801, and the Chemical Abstracts Registry
Number (CAS No.) is 36734-19-7.

D. Evaluation of Carcinoaenic Evidence

1. Chambers, PR, Crook, D, Gibson, WA, Gopinath, C, and Ames, SA.
Iprodione: Potential Tumorigenic a"d Toxic Effects in Prolonged
Dietary Administration to Rats. Study # RNP 346/920808, Huntingdon
Research Centre, Ltd., Department of Rodent Toxicclogy, England;
dated December 15, 1992. MRID # 426378-01 [Document # 010570].

~erimental Design: Iprodione was administered in the diet to 60
Sprague-Dawley [Crl:CD(SD)BR] rats/sex/group [main study] for two
years at dose levels of 0, ~50 [~~ 6.~/99 8.4 mq/kg/day], 300 [d~
~2.4/99 16.5 mq/kg/day], or 1600 [~~ 69/99 95 mq/kg/day] ppm. There
was a 52-week interim sacrifice of 10 additional rats/sex/group.

Non-neoglastic Lesions: At the interim sacrifice, males at the
high-dose level displayed an increase in the incidence of lesions
in the adrenals, and there was an increase in the incidence of
centrilobular hepatocyte enlargement in males at 300 and 1600 ppm.
Females at the high-dose level displayed an increase in
extramedullary hemopoiesis in the spleen, an increase in
centrilobular hepatocyte enlargement, and an increase in the
incidence of generalized rarefaction and fine vacuolation of the
zona fasciculata in the adrenals compared to the control and other
dose groups.

In the rats fed the test material for 2 years, interstitial cell
hyperplasia in the testes, reduced spermatozoa in the epididymides,
and absent/empty secretory colloid cells or reduced secretion in
the seminal vesicles were observed in males at the 300 and 1600 ppm
dose levels. Atrophy of the seminiferous tubules in the testes,
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with atrophy of the prostate and absence of spermatozoa in the
epididymides were observed at 1600 ppm. Centrilobular hepatocyte
enlargement was increased in males at the high-dose level. Adrenal
lesions were observed in both sexes at the 300 and 1600 ppm dose
levels, although the males displayed more lesions than the females.
In the high-dose females, there was an increased incidence of
tubular hyperplasia in the ovaries and increased sciatic nerve
fiber degeneration compared to the controls. Hemosiderosis was
increased in females at the two highest dose levels. The NOEL for
non-neoplastic changes was 150 ppm [dd 6.1/99 8.4 mg/kg/day] and
the LEL was 300 ppm [dd 12.4/99 16.5 mg/kg/day].

NeoDlastic lesions: There was an increase in the incidence of both
unilateral and bilateral benign interstitial cell tumors in the
testes of males at the 1600 ppm dose level. There was a dose-
related increasing trend and a significant difference in the pair-
wise comparison of the 1600 ppm dose group with controls for
testicular tumors [Table 1] which exceeds the historical control
incidence [Table 2].

. , of ~ bearing ratsl' of rats ex..ined, excluding those that died or we~e S8Crificed before
observation of the first tUDOr.

. First beni~ tUlOr caerved et ~ 74, ae 0 A8.
Note: Si~ificance of trend denoted at control.

Si~ificance of peir-wise comperison with control denoted et 22!! leyel.
If ., then p < 0.05. If", then p < 0.01.

Consideration of Adeauacv of Dose Level Selection: The statistical
evaluation of mortality [Brunsman memo dated 1/27/94] indicated a
significant decreasing trend in mortality with increasing doses of
Iprodione in male rats. Female rats showed no significant
incremental changes with increasing doses of Iprodione.
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Body weight gains were decreased in both sexes at the 1600 ppm dose
level compared to control values during the 0-12 week interval and
at other intervals also. At week 12, body-weight gain was 83.6\ of
the control value in the males and 80.7\ of the control value in
females at the highest dose level. Overall, body-weight gains were
86% and 92\ of control values in the high-dose males and females,
respectively.

Based on the above, the CPRC considered the doses used in this
study to be adequate for assessing the carcinogenic potential of
Iprodione in the rat.

In the 90-day study [MRID # 429607-01], dose levels of 0, 1000 ppm
[78 d'/89 Q mg/kg], 2000 ppm [151 d'/184 Q mg/kg] , 3000 ppm [252
d/266 Q mg/kg] , and 5000 ppm (351 d'/408 Q mg/kg] resulted in signs
of toxicity (pilo-erection, hunched posture, pale and/or cold
extremities, an emaciated appearance, decreased body weight {d'd'

75%, 52%, and 39% of control and QQ 86%, 70%, and 55% of control at
2000, 3000, and 5000 ppm, respectively}, decreased body-weight gain
{d'd' 61' (2000 ppm) and 26% (3000 ppm) of control; QQ 70% (2000 ppm)
and 38t (3000 ppm) of control; negative gain at 5000 ppm for both
sexes}, decreased food consumption {81% (d'd' at 2000 ppm} and
69%/79' {d'd'/QQ at 3000 ppm}/food efficiency] leading to the early
termination (week 8] of the 5000 ppm dose groups.

In a previous chronic toxicity/carcinogenicity study in Charles
River CD outbred albino rats, no treatment-related tumors were
reported, although the incidence of testicular interstitial cell
tumors was 2, 2, 4, and 5 out of 60 rats/group at dose levels of 0,
125, 250, and 1000 ppm, respectively.

2. Chambers, PR; Crook, D; Gibson, WA; Read, RM; and Gopinath, C.
May 10, 1993. IPRODIONE Potential Tumorigenic Effects in Prolonged
Dietary Administration to Mice. study No. RNP 359/921240; dated May
10, 1993. MRID No. 428250-02 [Document # 010570].

E~eriDental Desian: Iprodione was fed to.crl:CD8-1 (ICR) BR mice
(50/sex/qroup-Main study) at dose levels of 0, 160 [aa 23/99 27
mg/kg/day], 800 [aa 115/99 138 mg/kg/day], or 4000 [aa 60+/99 793
mg/kg/day] ppm for at least 99 weeks [or until the 52-week interim
sacrifice at 15 additional mice/sex/group].

Non-NeoDlastic Lesions: Int.ria sacrifice - In the liver, mice ot
both sexes displayed an increase in the incidence and degree of
centrilobular hepatocyte enlargement compared to the controls, and
centrilobular hepatocyte vacuolation was observed in the majority
of high-dose females compared to the control incidence. These
findings are consistent with the increases in liver weight and
plasma GPT and GOT observed in the groups. Al though the incidence
and degree of fat in the hepatocytes were similar among the groups,
a difference in distribution was noted; i.e., control, low- and
mid-dose mice displayed fat in all zones while in the high-dose
mice, fat was confined to the periportal hepatocytes.
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The majority of high-dose females displayed hypertrophy of the
cells of the zona fasciculata of the adrenal gland..No other group
displayed this lesion. The lesion correlates with the increased
adrenal weight observed in these females, but no morphological
correlation was observed to account for the increased adrenal
weight observed in high-dose males.

Only high-dose males displayed generalized vacuolation and
hypertrophy of the interstitial cells of the testes. In females,
only high-dose mice displayed luteinization of the interstitial
cells of the ovary. In the cervix and vagina, epithelial
thickening, usually with keratinization, was observed more
fre~ently in the treated females compared to the controls, but no
dose-response was evident.

Terminal - LIVER - At the high-dose level (bQth sexes), there was a
significantly increased incidence of" single and multiple areas of
enlarged eosinophilic hepatocytes and focal fat-containing
hepatocytes compared to the control values. The incidence and
degree of centrilobular hepatocyte enlargement were increased
significantly at the high-dose level in both sexes, and the
incidence of minimal centrilobular hepatocyte enlargement was
increased at the mid-dose level in females compared to the control
mice. Additionally, a"t the high-dose level, the incidence and
degree of pigmented macrophages and the degree of centrilobular
hepatocyte vacuolation were increased significantly in male mice
compared to the control male mice. TESTES - There was an increased
incidence of generalized vacuolation/hypertrophy of the
interstitial cells of the testes in the mid- and high-dose mice.
OVARIES - There was a dose-related increase in female mice
displaying luteinization of the interstitial cell of the ovary, but
statistical significance was not attained at any dose level. The
NOEL for non-neoplastic changes was 160 ppm [~~ 23/99 27
mg/kg/day] , and the LEL was 800 ppm [~~ 115/99 138 mg/kg/day].

Neoelastic Lesions: Interim - Very few tumors were observed at the
interim sacrifice. Pulmonary adenoma [benign] was observed in one
low-dose female and one mid-dose female, and pulmonary
adenocarcinoma [malignant] was observed in one control male and one
high-dose male. One male in the mid- and one male in the high-dose
groups displayed a benign liver cell tumor. One benign cystadenoma
in the Harderian gland was observed in the low-dose male group.

Terminal - LIVER: At the high-dose level, there was a significant
increase in the incidence of benign and malignant liver cell tumors
in both sexes compared to the control. The adenomas found at the
control, low-, and mid-dose levels in males were all in mice at the
interim or terminal sacrifice, while 6 of the 25 adenomas in the
high~dose males, 1 of 2 in the mid-dose females and 5 of 21 in the
high-dose females were found in mice dying on test. In the Qualita-
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tive Risk Assessment memo, analysis indicates that male mice had
significant increasing trends and significant differences in the
pair-wise comparisons [all at p < 0.01] of the 4000 ppm dose group
with the controls, for liver adenomas, carcinomas, and combined
adenomas and/or carcinomas [Table 3]. Female mice had significant
increasing trends in liver adenomas, carcinomas, and combined
adenomas and/or carcinomas also [all at p < 0.01], and there were
significant differences in the pair-wise comparisons of the 4000
ppm dose group with the controls for liver adenomas and combined
adenomas and/or carcinomas [both at p < 0.01]. The incidence of
both benign and malignant liver tumors in females at 4000 ppm is
outside the historical control data, as is the incidence of carci-
noma in the high-dose males [Table 4]. It is to be noted that all
male groups [including the concurrent control] displayed a higher
incidence of carcinomas than observed in the historical control.

, I of tumor bearing mice/I of mice ex..ined, excluding those that died before week 52
. Negative change fram control.
. First d ac81CI8 ot8erved at week 52, dose 800 ~.
. First d carcira8 caerv8d at week 83, -- 4000 ~.
@ First, 9 ,...,..;-. ot8erved at IMek 75, c*)se 4000 ~.
. First 9 carcird8 ot8erved at ~ 79, dose 160 ~.

Note: Significance of trend denoted at control.
Sigoificence of peir-wi...~rison with control denoted at 2e!! level.
If , th., p < 0.05. If , th., p < 0.01.
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~le 4. Historical C~~nciderv:. of liver Tuoors

~j~tl.Dv ~ , I18les w)~t~r/' ex~i~~l ! f_les_with tuoor/' exsn~(Y.)

881i~ T~ atly
8911
'8912
8913
8914
8915
8916
8917
8918

5/52
7/52
5/52
6/52
9/52
11/50
6/50
10/56

0/52
1/52
0/52
0/52
0/52
0/50
0/50
0/56

_li~ T~ ~ly
8911
8912
8913
8914
8915
8916
8917
8918

1/!

0,

1/!

z/!

1/!

1/!
1/!

z/!

0/52
0/52
0/52
0/52
0/52
0/50
0/50
O~

Any Li- T~
8911
8912
8913
8914
8915
8916
8917
8918

6/52 (11.5)
7/52 (13.5)
6/52 (11.5)
8/52 (15.4)
10/52 (19.2)
12/50 (24)
7/50 (14)

12/56 (21.4)

0/52
1/52
0/52
0/52
0/52
0/50
0/50
0/56

OVARIES: The incidence of luteoma of the ovaries was increased
[difference in pairwise comparison significant at p<O.O5], and
there was a significant increasing trend in ovarian luteomas [Table
5]. All tumors were found at terminal sacrifice. ,The incidence at
the high dose is slightly greater than observed in the historical
control data [Table 6].

\ , of ~ beering _ice" of .ice ex8Dined, excluding those th.t died before week 53.
. First lut~ cDerved at week 99, dose 160 ~.

Note: Significance of trend denoted at control.
Sigoificance of peir-wise.GPmP8ri~h control denoted at ~ level.
If , th., p < 0.05. If , then p < 0.01.

(.10)
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(12)
(17)
(22)

(12)
(18)

2 (
52
2 (
2 (:
1 (
n (i
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, (:

! .9)
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1.8)

.9)

!.O)

~.O)
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KIDNEY: Clear cell carcinoma (malignant) was observed in the kidney
of one high-dose male at termination.

Consideration of the Adeauacv of Dose Selection: There was no
apparent effect of treatment on survival, although the high-dose
group displayed the highest mortality rate for both sexes. The
statistical evaluation of mortality [memo from BrUnsman to Taylor,
dated 1/27/94] indicated no significant incremental changes with
increasing dose in either sex. The most frequently occurring
probable cause of death was amyloidosis, with the high-dose males
and all treated female groups (dose-related) displaying a greater
incidence than their respective controls (Table 7).

Tel. 1. I~i~ of Milotai. in Mice Dvi,.~ T..t

MALES FEMALESSex
Doee level (~)

0 160 ~ ~ 0 160 800 ~

!! dying due to --vloidosis (%) 1~ - ~~- 13 (50) 8 (44) 18 (62) 1 (26) 13 (45) 16 (55) 11 (53)

During the first l8-week interval, body-weight gains were com-
parable among the groups for both sexes. During the 18 to 45 week
interval, the high-dose mice [both sexes] displayed a statistically
significant decrease in body-weiqht qain compared to their respec-
tive control group [56 (d) and 53 (9) , of control value].-overall,
mice at the high-dose level (~d-86'; 99-89'] displayed a lower
body-weight gain compared to their respective control group.

Based on the above, the CPRC considered the doses used in this
study to be adequate for assessing the carcinogenic potential of
Iprodione in the mouse.

In a previous chronic toxicity/carcinogenicity study in Carworth
CF-1 albino mice [Accession # 097201; Document # 001519], Iprodione
was negative for carcinogenicity. The dose levels were 200, 500,
and 1250 ppm, and the duration of the study was 18 months. only one
ovarian tumor [malignant] was reported [500 ppm]. Liver tumors were
reported as follows [Table 8]:
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Tlble 8. Liver T~rs

Gro~/Tuoor Type

MLfS
a

200
500
'250

Benign Mali~~

0/60
2/59
0/60
2/59

2/60
0/59
4/60
~-~

F8W.ES
0

200
500
1250

0/60
0/60
1/58
0/59

0/60
0/60
2158
1/59

E. other Relevant Toxicoloqy Information:

1. Genotoxicity

Iprodione has been tested in several mutagenicity studies. With the
exception of the Bacillus subtilis assay for DNA damage, Iprodione
was negative in the (1) Ames assay; (2) CHO/HGPRT mammalian cell
forward mutation assay, with and without metabolic activation; (3)
in vitro chromosome aberration assay in CHO cells; (4) in vitro
sister chromatid exchange assay in CHO cells; and (5) dominant
lethal test in mice. Iprodione was positive in the Bacillus subtil-
~ assay for DNA damage without metabolic activation.

2. Metabolism

14c-Iprodione was absorbed readily from the gastrointestinal tract,
metabolized, and excreted by rats of both sexes following single
low [50 mg/kg] and high [900 mg/kg] oral doses and 14 repeated low
[50 mg/kg] doses. Peak blood levels were observed at 4 and 2 hours,
respectively, in low-dose males and females r~d at 6 hours in high-
dose rats of both sexes. The elimination of C from the blood was
slower in males than females. There were both dose and sex-related
differences noted in absorption: males absorbed a greater
percentage ~f the low and repeated doses than females. Although
levels ot 1 C were found in most tissues monitored, the levels were
S 0.5% of the total amount administered. It is to be noted that the
tesFts of the low-dose [50 mg/kg] males showed no detectable amount
of Ci the high dose in the rat chronic toxicity/carcinogenicity
study where testicular tumors weft observed was 69 mg/kg. The
primary route of elimination of C following single and repeat low
dose exposure wa$ the urine, and the feces was the primary route
following high-dose exposure. Dealkylation and cleavage of the
hydantoin ring were the two primary steps in the metabolism of
Iprodione. Hydroxylation of the phenyl ring and oxidation of the
alkyl chain also occurred. The primary metabolites recovered from
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the urine [both sexes] included a dealkylated derivative of
Iprodione and 2 polar but unidentified compounds. Males produced
larger amounts of a hydantoin ring-opened metabolite than females,
and the urine of the females contained a higher proportion of
unchanged parent compound than that of the males. Several urinary
metabolites were not identified. The feces contained much larger
amounts of unchanged parent compound than the urine, which the
authors suggested was unabsorbed Iprodione and metabolites or
hydrolyzed conjugates of absorbed material.

In another single oral administration study in rats using 50 mg/kg,
no sex ditterences were apparent in the excretion protile, and both
urinary elimination (~37%d/28%9] and tecal excretion (56%d/50%9]
are major routes of excretion. The metabolism ot Iprodione was
extensive and characterized by the large number ot metabolites
formed. In the urine, RP 36115, RP 32490, RP 361~2, RP 36119, and
RP 30228 were either confirmed or indicated. The teces contained a
large proportion ot parent compound; the major fecal metabolites
were RP 36115, RP 36114, RP 32490, and RP 30228. A general
metabolic pathway tor Iprodione in the rat indicates that
biotranstormation results in hydroxylation of the aromatic ring,
degradation ot the isopropylcarbamoyl chain and rearrangement
followed by cleavage of the hydantoin moiety. Additionally,
structural isomers of Iprodione resulting from molecular
rearrangement, as well as intermediates in the pathway, were
detected.

3. Acute, Subchronic, and Chronic Toxicity Data

The acute oral LDSO for Iprodione Technical in rats was> 2.5 mq/-
kq, Tox. Cat. III. An acute oral study in mice gave an LDSO of 4
d/4.4 9 q/kg, Tox. Cat. III. In a 5-month feeding (150, 500, 1000
ppm) study [Accession # 232702; Document # 001519] in rats, the
NOEL was set at 1000 ppm [HOT]. In a 3-month doq study [Accession I
232702; Document # 001519], the NOEL was set at 2400 ppm, the LEL
at 7200 ppm, based on liver hypertrophy and increased SAP [doses of
800, 2400, and 7200 ppm]. No significant systemic toxicity was
observed in a 3-week dermal study [MRID # 420232-01; Document I
009575) at dose levels of 100, 500, and 1000 mq/kg. The NOEL was
set at 1000 mq/kg [HDT].

Two one-year dog studies have been performed. In the first study
[Accession # 255951; Document #'s 004439 and 005882], the NOEL was
set at 100 ppm, the LEL at 600 ppm, based on decreased prostate
weight and an increased number of erythrocytes with Heinz bodies in
males. The dietary levels tested were 0, 100, 600, and 3600 ppm. In
the second study [MRID # 422111-01; Document # 009548], performed
as a bridging study to establish a higher no-effect level, dose
levels of 0, 200, 300, 400, and 600 ppm were tested. The NOEL was
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set at 400 ppm [17.5 d'd'j18.4 QQ mgjkg], the LEL at 600 ppm [24.6
d'd'j26.4 QQ mgjkg], based on depressed red blood cell parameters.

4 structure-Activity correlations

Iprodione is structurally similar to Procymidone and Vinclozolin.

a) Procymidone - [N-(3,5-dichlorophenyl)-1,2-dimethylcyclopropane-
1,2-dicarboximide)] , a fungicide, has been tested in a rat chronic
toxicity/carcinogenicity study and a mouse carcinogenicity study.
In the rat [Osborne-Mendel] study, Procymidone was associated with
the appearance of tumors in both sexes. In males, there was a
statistically significant increase in testicular interstitial cell
adenomas at the 1000 and 2000 ppm dose levels, and a statistically
significant dose-related increasing trend in these tumors, which
appeared earlier than in the controls. In females, there was a
statistically significant increasing trend in pituitary adenomas,
as well as a significant difference in the pair-wise comparison of
controls and both the 1000 and 2000 ppm dose groups for pituitary
adenomas. Additionally, there was an increase in stromal
hyperplasia of the ovaries at the 2000 ppm dose level, but no dose-
related increase in ovarian tumors. In males, th~re was a dose~
related increase in testicular interstitial cell hyperplasia at the
1000 and 2000 ppm dose levels. Liver cytomegaly occurred in treated
rats only and it was dose-related in both sexes. In the mouse
[B6C3Fl] , there was a significant dose-related positive trend in
hepatoblastomas [rare variant of hepatocellular carcinoma] in
males, and significant dose-related positive trends in
hepatocellular adenomas and in combined adenomas and/or carcinomas,
with a significance in the pair-wise comparison of controls and the
highest dose groups in both hepatocellular adenomas and in the
combined adenomas and/or carcinomas in females. Procymidone was
negative in the in vitro UDS assay, the in vitro chromosome
aberration [CHO cells] assay, and the Ames assay.

b. Vinclozolin - (3-(3,5-dichlorophenyl)-5-methyl-5-vinyl-1,3-
oxazolidin-2,4 dione] is a fungicide, bactericide, and wood
preservative. Vinclozolin is being tested in both a rat chronic
toxicity/carcinogenicity study and a mouse carcinogenicity study;
previous studies were found unacceptable. In an interim report of
the new rat (Wistar] study, testicular and ovarian masses have been
observed at 1500 and 4500 ppm, liver tumors (masses] at 4500 ppm,
and ophthalmic lesions have been observed at all dose levels. In a
subchronic study, increased liver (both sexes], adrenal (both
sexes], pituitary and testes (male], and ovary (female] weights
were observed at 1000 and 4500 ppm. The interim report of the mouse
(C57BLj6N] study indicated that liver carcinomas were observed at
8000 ppm (HOT] in females, a dose where excessive mortality
occurred. In the subchronic study in mice, hyperplasia of
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testicular Leydig cells at 1000 ppm and ovarian stromal cells at
5000 ppm was observed. Increased adrenal weight was observed in
dogs in both a 6-month and 1 year studies. Vinclozolin was negative
in the sister chromatid exchange assay [hamsters], the in vivo
reverse mutation assay, CHO/HGPRT assay with and without metabolic
activation, Ames.assay with and without metabolic activation, and
UDS assay in rat hepatocytes. In the mouse lymphoma (forward
mutation) assay, a significant reproducible increase in mutation
frequency was observed with metabolic activation at insoluble
concentrations.

6. Mechanism of Action - Hormonal Effects and Tumor Induction

The Registrant put torth an hypothesis on the mechanism ot tumor
formation by Iprodione, suggesting a perturbation ot sex hormone
regulation. A causal relationship between a possible hormonal
imbalance and tumor formation is discussed in their document
entitled: IPRODIONE: carcinoaenicitv in Rodents, dated June 16,
1993. In light of the negative results in various genetic toxicity
tests, the Registrant states that Iprodione clearly is not a
genotoxic carcinogen, and the increased incidence ot tumors in both
rats and mice occurred only at the MTD. Considering the non-
neoplastic findings in the reproductive system of male rats and
female mice and the lack of genotoxic potential, the Registrant
proposes that the "nongenotoxic mechanism of carcinogenesis results
from a perturbation in sex hormone regulation. Tumor :formation is
therefore likely to be secondary to prolonged and profound hormonal
imbalance at the target organ leveL which only occurs when animals
are exposed to high dietary levels of iprodione. Such a mechanism
would be expected to occur above a threshold which would need to be
exceeded to overcome the powertul normal hormonal homeostasis.
Consequently, quantitative carcinogen risk assessment based on the
"linearized" multistage model is inappropriate in the case of
iprodione. Instead, safety factors are considered to be an
appropriate and adequate method for risk assessment of threshold
carcinogens. II The Registrant has indicated that mechanistic studies
will be conducted to demonstrate the effect ot Iprodione on sex
hormone regulation in order to establish a link between this
hormonal perturbation and the increased incidence of tumor
formation.

Since no data to support the hypothesis on hormonal mechanisms were
provided, the CPRC had no basis for attributing the carcinogenic
response as being secondary to the toxicity of the chemical.
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weight ot Evidence Considerations:F.

The Committee considered the following facts regarding the
toxicology data on Iprodione in a weight-of-the-evidence
determination of carcinogenic potential.

MAle and temale sprague-Dawley [Crl:CD(SD)BR] rats were fed
Xprodione for two years at do.e levels of 0, 150 [dd 6.1/99
8.4 mq/kq/day], 300 [dd 12.4/99 16.5 mq/kq/day], or 1600 [dd
69/99 95 mq/kq/day] ppm.

1.

In male rats, there was a significant [p<O.Ol] dose-related
increasing trend and a significant [p<O.Ol] difference in the
pair-wise comparison of the 1600 ppm dose group with the
controls for testicular interstitial cell benign tumors. The
incidence of both unilateral and bilateral benign interstitial
cell tumors was increased at this dose level compared to the
control.

In male rats, the increased incidence of testicular tumors
noted at 1600 ppm exceeds the historical control incidence for
these tumors in this strain of rat.

there were no signit icant compound-relatedIn female rats,
tumors observed

In female rats, although there was no increase in the
incidence of ovarian tumors, tubular hyperplasia was increased
at the 4000 ppm dose levels compared to the control incidence.

The doses used in both sexes of the rat were considered to be
adequate.

Male and temale Crl:Cne-1 (ICR) DR mice were ted Iprodione at
dose levels ot 0,1'0 [dd 23/99 27 mq/kq/day], 800 [dd 1~5/99
1.38 mq/kq/day], or 4000 [dd '04/99 793 mq/kq/day] ppm tor at
least 99 weeks.

2.

In male mice, Iprodione was associated with significant
[p<O.Ol] dose-related increasing trends in liver adenomas,
carcinomas, and combined adenomas and/or carcinomas.

In male mice, there were significant [p<O.Ol] differences in
the pair-wise comparisons of the 4000 ppm dose group with the
controls for liver adenomas, carcinomas, and combined adenomas
and/or carcinomas.

In male mice, the increased incidences of hepatocellular
tumors noted at 4000 ppm generally exceeded the available
historical control incidences for these same tumor types in
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mice of this strain.

In male mice, although there was no increase in the incidence
of testicular tumors in the male CD-l mice, there was a dose-
related increase in the incidence of interstitial cell
hyperplasia at the 300 and 4000 ppm dose levels.

In female mice, Iprodione was associated with s~qnificant
[p<O.Ol] dose-related increasing trends in liver adenomas,
carcinomas, and combined adenomas and/or carcinomas.

In female mice, there were significant (p<O.Ol) differences in
the pair-wise comparisons the 4000 ppm dose group with the
controls for liver adenomas and combined adenomas and/or
carcinomas.

In temale mice, the increased incidences of hepatocellular
tumors noted at 4000 ppm generally exceeded the available
historical control incidences for these same tumor types in
mice ot this strain.

In female mice, Iprodione was associated with a significant
[p<O.OS] increasing trend in ovarian luteomas, and there was a
significant [p<O.OS] difference in the pair-wise comparison ot
the 4000 ppm dose group with the control for ovarian luteomas.

In female mice, the increased incidence of ovarian luteomas
noted at 4000 ppm in CD-l mice exceeds the historical control
incidence for these tumors in this strain of mouse.

The doses used in both sexes of the mouse were considered
adequate.

From submitted studies, Iprodione was not mutagenic in the
Ames assay, the CHO/HGPRT mammalian cell forwarded mutation
assay, with and without metabolic activation, the in vitro
chromosome aberration assay in CHO cells, the in vitro sister
chromatid exchange assay in CHO cells and the dominant lethal
test in mice. However, Iprodione was positive in the Bacillus
subtilis assay for DNA damage withiut metabolic activation.

3.

4. Iprodione is structurally related to Vinclozolin and
procymidone. procymidone was associated with the appearance of
tumors in both sexes in the sex organs and the liver, but was
negative for mutagenicity. Vinclozolin, which is currently
being tested for its carcinogenic potential, has been
associated with adverse effects on the sex organs and liver.
With the exception of the mouse lymphoma (forward mutation)
assay, Vinclozolin was negative for mutagenicity.
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February 23, 1994

5. carcinoaenicitv in animals -- Iprodione

After a full evaluation ,of all of the data and supporting
information regarding animal carcinogenicity, the Committee
concludes that exposure to Iprodione resulted in an increased
incidence of hepatocellular malignant carcinomas in males and
combined heptocellular adenomas/carcinomas in both sexes of
mice, ovarian luteomas in female mice, and testicular
interstitial cell tumors in male rats. structural analogs
closely related to Iprodione are also carcinogenic and induce
cancer and adverse effects at the same sites (liver, ovary and
testis) as Iprodione. The relevance of these data to an
evlaluation of Iprodione's potential for human carcinogenicity
is discussed elsewhere in this document.

Classification of carcinogenic Potential:G.
The Peer Review Committee considered the criteria contained in the
EPA's "Guidelines for Carcinogen Risk Assessment" [FRS1: 33992-
34003, 1986] for classifying the weight of evidence for
carcinogenicity.

The Peer Review Committee agreed that Iprodione should be
classified as a Group B2 - probable human carcinogen and that a
low-dose extrapolation methodology (Q*) be applied to the animal
data. This decision was based on evidence of increased incidences

.. . .
of tumors ~n 2 spec~es: hepatocellular tumors 1n both sexes of the
mouse, ovarian tumors in female ~ice and testicular interstitial
tumors in male rats. Iprodione was tested in a variety of
mutagenicity studies and found to be negative in all but a Bacillus
subtilis assay. Iprodione is structurally similar to Procymidone
which was classified by the CPRC as a B2 carcinogen, and
Vinclozolin (not yet peer reviewed). Both Procymidone and
Vinclozolin are associated with testicular tumors in the rat and
liver tumors in the mouse (as well as other tumor types). . There
were no data provided on hormonal mechanisms to attribute the
carcinogenic response as being secondary to the toxicity of the
chemica!..

17
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MEMORANDUM

Subject: Peer Review of Procymidone: consideratiol.
Advisory Panel recommendations

James N. Rowe, Ph.D. (~QIt~ N. y.,o(NC- .215/9/

Review Section III --()
Toxicology Branch II
Health Effects Division (H7509C)

of .Science

From:

-
To: Ks . Susan Lew i.

Product Manager, Team 21
Fungicide-Herbicide Branch
Registration Division (H7505C)

The FIFRA SAP met on November 30, 1990 to consider a set of
scientific issues for Procymidone includinq an assessment of the
weiqht of evidence for the carcinoqenic potential of Procymidone.
The SAP cited only the testicular tumors seen in the chronic rat
study as support for a Group C, Possible Human Carcinoqen. The
Peer Review Committee reconvened on January 30, 1991 to discuss the
SAP position and carcinoqenicity classification. The Peer Review
Commi ttee did not concur with the SAP but qenerally concluded that
the evidence supported a Group ~ classification--Probable Human
carcinoqen. A quantification of risk i. aqain recommended for the
testicular tu.or8 in male rats and for the liver tumors in female
mice.

.

. Individuals in Attendance

~. Peer Review Committee: (Siqnatur.. indicate concurrence
with the peer review unless otherwise .tated).

., ,A-
William L. Sumo

Reto Enqler ,"V ~

1/1'
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2

/~~~~-Karl Baetcke

Robert Beliles

Marion Copley ~.

.J.Marcia Van Gemert -
Kerry Dearfield

;;/
Huqh Pettiqrew

IC,"

Jean Parker 7~~ 1.1 1/ -

Esther Rinde ( /&~A l~flJ,- . -
William Sette G- O,-)-.Q.."'::'--Si::2tR -

Yin-Tak Woo ~ /,Jr 1lJ}.,..

2. Reviewers: (Non-committee members responsible ~or data
presentation; siqnatures indicate technical o~ panel
report).

r'...
K. Clark Swentzel

Linda L. Taylor v
Jame$ N. Rowe

~~JBernice Fisher

3. Peer Review Members in Absentia: (Committee members who
were. unable to attend the discussion, aiqnature. indicate
concurrence with the overall conclusions ot the Committe..)
. Penelope A. Fenner-Crisp ~~. a ~~ - ~

Richard. Hill

Julie Du -
& t::' I L..o... .L 'Georqe Ghali

.Other Attendees:4.
Susan Lewis, Reqistration Division.
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B. Material Reviewed:

_The findings of the Federal Insecticide, Fungicide, and
Rodenticide Act Scientific Advisory Panel conducted on November 30,
1990 were reviewed. In addition, the findings of the first Peer
Review document (October 31, 1990) were also discussed.

Discussion of Carcinoaenicitv Evidence tor Proc~idone:c.
Rat carcinogenicity study

The SAP concluded that the temale rat pituitary adenomas were
equivocal, but concluded that the testicular tumors in the rat were
evidence ot a carcinogenic response in this species. The Peer
Review Committee discussed the issue of pituitary tumors in females
and noted that the tumors were statistically significant by both
the pair-wise co=parison and the trend test. It was unclear to the
Committee why Osborne-Hendel rats were selected by the registrant
tor the study. It was also unclear where the SAP obtained their
historical control range for this tumor in Osborne-Mendel rats.
There were no historical data trom the testing laboratory. It was
turther noted that the recommendation by the SAP to further
evaluate the pituitary adenoma sections would not clarity concerns
tor historical control data specific to the laboratory in question.
The Peer Review Committee felt that, at best, this tumor type was
supportive to the overall assessment ot carcinogenicity and did not
add a great deal to the weight ot evidence.
- With regard to the male testicular tumors, it was noted that
this strain of rat has a low historical control incidence (i.e.,
from the NTP program, the mean incidence was 0.4': Goodman et al.,
Toxicol Appl Pharmacol, 55, 433-447, 1980) further supporting the
biological significance of the tumorigenic response. All the tumor
types noted in the rat are supportive of a possible hormonally-
mediated effect, but it was reiterated that no definitive data were
submitted to support such a mechanism.

Mouse carcinoqenicity study2.

The SAP .t~ted that the incidences of hepatic tumors in both
sexes were within the range of variability expected for this
species. They concluded that the evidence for hepatic
carcinogenicity was absent in males and equivocal in female mice.
They further stated that higher doses could have been tolerated.

With reqard to female liver adenomas, there was a siqnificant
trend (p<O.Ol) and a statistically significant increase at the
highest dose tested, 1000 ppm (p<0.05). It was unclear to the Peer
Review Committee as to the source of the historical control range
the SAP used for their conclusions. Based upon the historical
control data provided by the test facility, the female liver
adenoma incidence was outside the range. The Committee agreed that
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this appeared to be "a biological effect due to the chemical and
that testing at higher doses would only likely confirm the original
findings in the female mice.

The SAP also concluded that the hepatoblastomas noted in th~
male ~ice were not very significant and treated the blastomas as a
variai1t of hepatic carcinomas. It was discussed within the
Comm; ttee that these tumors seem to be reported more trequently of
rece~it times. The Committee noted that the hepatoblastomas may
indi.:ate a progression to a more anaplastic state and therefore
indicate an increase in the severity ot the response noted at the
mid-high and high dose levels. It was again noted that the mice
were not administ.red Procymidone at high enough doses tor a
completel:. adequate assessment ot carcinogenic potential. Higher
dosing coul~ result in a higher incidence of hepatic carcinomas
(including hepatoblastomas).

In the first Peer Review report, only NTP Technical Report t
189 was discussed for the Procymidone metabolite analoq p-
chloroani~.ine. DUrinq this subsequent meeting it was also noted
from NTP re~,'rt , 351 that p-chloroaniline, a structurally-related
analoq of the 3, 5-dichloroaniline metabolite of Procymidone, gives
good evidence that the liver is a target for tumors in mice. This
supports the liver findings associated with Procymidone.

Classification of Carcinoaenic Potential:D.
It was the general consensus of the Peer Review Committee to

classify procymidone as a Group 82 - Probable Human carcinoqen. ~

The ~ classification was based on the statistically
siqnificant increasinq trend and pair-wise increase in interstitial
cell adenomas in male rats, pituitary adenomas in female rats, 'and
liver adenomas and combined adenomas/carcinomas in female mice.
Althouqh the incidences of increased tumors in both sexes of rat
and female mice were beniqn, the Committee ascribed bioloqical
siqnificance to these increases., Additionally, a variant (its
rarity uncertain) ot hepatocellular carcinoma, hepatoblastoma, had
a siqnificantly increasinq trend in male mice. This may be
indicative of a proqression to a more anaplastic state. While the
tumor incidences in mice were not qreatly elevated, it was
reiterated by the Committee that the effects were seen at doses
well below an adequate top dose. The available evidence tor a
mechanism involvinq altered hormonal influences was not conclusive
(it was noted that there was a lack of genotoxic activity by
Procymidone based on available evidence). An analoq ot a
Procymidone metabolite (p-chloroaniline) has been reported to
produce liver tumors in mice, thus supportinq the liver as a target
orqan in mice tor Procymidone.
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MEMORANDUM ~ .. .. 'I: W -: ~
~&STICIDa. AND TOal~ ."'.STA

Peer Review of procymidone - ~AI~~
Kerry L. Dearfield, Ph.D. ~\l~~V-~ ~.2.l..qo
Executive Secretary, Peer Review Committee
Science Analysis and Coordination Branch
Health Et~ects Division (H7509C)

SUBJECT:

FROM:

and .. / y;J./ £/ ':;~7/'
K. Clark Swentzel ~ ~~ ~. ~~ ~
Section II Head, Toxicoloqy Branch II
Health Effects Division (H7509C)

TO: Susan Lewis
Product Ma1'1ager '21
Fungicide-Herbicide Branch'
Registration Division (H7S05C)

- The Health Effects Division Peer Review Committee met on
October 10,1990 to discuss and evaluate the weight-of-the-evidence
on Procymidone ,with particular reference to its carcinogenic
potential. The Peer Review Committee voted nine votes to classify
Procymidone as a Group B2 - Probable Human Carcinogen and eight
votes to classify Procymidone as a Group C - Possible Human
Carcinogen. This was based on the appearance 'of interstitial cell
adenomas in male rats, pituitary adenomas in female' rats, and
liver adenomas and combined adenomas/carcinomas in female mice.
Additionally, a rare variant of hepatocellular carcinoma,
hepatoblastoma, had a significantly increasing trend in male mice.
For the purpose of risk characterization, a low dose extrapolation
model applied .to the experimental animal tumor data ~as
overwhelmingly recommended for quantification of human risk (01).
A quantification of r,isk is recommended for the testicular tumors
in male rats and for the liver tumors in female mice.

Individuals in Attendance:A.

1. Peer Review Committee: (Signatures indicate
concurrence with the peer review unless otherwise
stated.)

Penelope A. Fenner-Crisp rf~~~~~ Q, (f~, ~
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For the purpose .)f risk characterization, a low dose
extrapolation model applied to the experimental animal tumor data
was overwhelminqly recommended for quantification of human risk
(Q,*). A quantification of risk is aqain recommended for the
testicular tumors in male rats and for the liver tumors in female
mice.
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~. '"

Kerry Dearfield

~-~A.Hugh Pettigrew

Richard Hill

2. Reviewers: (Non-committee members responsible for data
presentation: signatures indicate technical accuracy of
panel report.)

K. Clark Swentzel

Linaa L. Taylor

James Rowe
,

Bernice Fisher

3. PeeI: Review Members in AbsentiA: (Committee
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conclusions of the COUitt.~ ~
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4. other Attendees:

R. Bruce Jaeger, Health Effects Division
James Stone, Registration Division

B. 'Material Reviewed: The material available tor review
consisted ot Data Evaluation Records (DERs) for a rat chronic
toxicity/carcinogenicity feeding study and a mouse carcinogenicity
feeding study. There were also summaries of a 6-month dog feeding
study, rat and rabbit developmenta~ toxicity studies, a
multiqeneration rat reproduction study, m.Ltagenicity and subchronic
studies. The material for presentation was prepared by K. Clark
Swentzel. A qualitative risk assessmen'; and sta~_~,.t;ical analysis
tor the rat and mouse carcinogenicity studies ~ prepared' by
Bernice Fisher. The material reviewed is attached to the file copyof this report. .

C. Background Intormation: Procymidone (N-(3,S-dichlorophenyl)-
1,2-dimethylcyclopropane-1,2-dicarboximide) is a tunqicide that is
used in Europe and other nations to control the qrape disease,
botrytis. It is reqistered tor use on qrap~~ and other fruit and
veqetables in 26 countries, but not in the ~.s. There are no
import tolerances. In February, 1990, residues ot Procymidone were
discovered in two shipments of wine from Italy. In April, 1990,
EPA was petitioned to establish an interim tolerance of 7 ppm for
one year and then a permanent tolerance of 5 ppm for Procymidone
in wine qrapes. The current manufacturer is Sumitomo Chemical Co.,
Ltd.

- The Chemical Abstracts Service (CAS)
Procymidone is 32809-16-8 and the Tox Chem
number) is 704J.

Registry
Number

number tor
(or Caswell

structure of procvmidone:

Cl

0

Cl N

0

3



00845

D. Evaluation tJ:f Ca~cinoaenicitv Evidence :for Procvmidone:

1. Rat Carcinoqenicity study

Reference: Keller, JG, Fitzgerald, J., Sibinovic, F., Loeb, WF,
Cardy, RH~ Clinton, J., and Wolfe, GW. Oral Chronic Toxicity and
Oncogenicity Study in Rats, TB0100 Sumislex. Final Report No. BT-
61-0112, Litton Bionetics Project No. 22048-03/13, dated June,
1986. Submitted by !.umitomo Chemical Co., Ltd. MRID ~414777-0J.

Ex~erimenial Designa.

Procymidone (tlchnical, 99.8' pure) was fed to Osborne-Mendel
rats (SO/sex/qroup) in both the main and satellite groups at dose
levels of 0, 100, 300, 1000, and 2000 ppm for 104 weeks. The
satellite-group animals were used tor clinical pathology, necropsy,
and organ weight determin_~\ons (weeks 26,52, and 78 weeks as well
as terminal sacrifice).

b. Discussion of Tumor Data

Procymidone was associated with the appearance of tumors in
both sexes of exposed L~-ts (Table 1). In males, there was a
statistically significant Llcrease in testicular interstitial cell
adenomas at tne 1000 and 2000 ppm dose levels. These tumors tended
to appear earlier than in the control and lower dose groups
(although this cannot be substantiated since only one tumor
occurred in each of the latter two groups). The first tumor
appeared at week 77 in the 2000 ppm group. In addition, there was
a statistically significant increasing dose-related trend in the

-appearance of the interstitial cell tumors.

In female rats, there was a statistically significant
increasing dose-related-trend in pituitary adenomas as well as a
significant difference in the pair-wise comparison of controls and
both the 1000 and 2000 ppm dose groups in the pituitary adenoma
rates. The first adenoma appeared at week 52 in the 300 ppm dose
group. Since female rats had a significant negative mortality
trend with incremental doses of Procymidone, the Peto Prevalence
test was used for the statistical analysis of the tumors, both for
trends and the pair-wise comparison of controls and each dose
group. .

It is
strain used
facility.

noted that the historical control
(Osborne-Mendel) are not available

data tor-the rat
from the testing

4
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Table 1. Procymidone, Osborne-Mendel rats

Male testicular interstitial cell tumor rates+ and Cochran-
Armitage trend test and Fisher's exact tes$ results (p values).

Female pituitary adenoma tumor rates and Peto's prevalence
test results (p values).

Dose (c~ml

~ .l.Q.Q .1.Q.Q 1000 2000
MALES

testicular interstitial
cell tumor
(t)
p-

:24/758-
(32\

0.00':"*

1/72
(1)

0.738

2/76
(3)

0.500

10/75
(13)..

0.004

1/76
(1)

0.000**

FEMALES

24/76bpituitary adenoma
(')
p-

21/74
(28)..
0.00

21/71
(30)

0.58

32/74
(43~

0.04

36/77(4 .- \

0.02-

~

+"NUmber of t~or bearing animals/number of animals examined,
excluding those that died before 52 weeks (males) or thOse
that died before observation of first tumor (females).

~First interstitial cell tumor observed at week 77.
First pituitary adenoma observed at week 52.

NOTE: Siqniticance ot trend denoted at Control.
Siqniticance ot pair-wise comparison with control denoted at
Dose Level.

It * then p < 0.05 and if ** then p < 0.01

--*********--

c. Non-NeoDlastic Lesions

There was a dose-related increase in testicular interstitial
cell hyperplasia in males at 1000 and 2000 ppm. Numbers or animals
with testicular interstitial cell hyperplasia were 2, 0, 1, 10(1)
and 13(6) for 0, 100, 300, 1000 and 2000 ppm dose groups,
respectively (number in parenthesis indicates number that also had
a tumor).

There were consistent, dose-related increases in liver weight
throughout the study (not always statistically significant) in both

5

(32)
0.45
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sexes. Liver cytomegaly was observed onl~' in treated animals, and
the incidence was dose-related in both sexes. Fpr example, in
males the liver/centrilobular cytomegaly incidence was 0/49,0/48,
0/49, 11/49 and 17/46 for 0, 100, 300, 1000 and 2000 ppm dose
groups, respectively. For females in the same dose groups, the
incidence was 0/49, 0/50, 2/49, 25/49 and 36/50, respectively.
However, no increased number of liver tumors were observed in
treated animals.

There was an increase in stromal Ilyperplasia of the ovaries
at the 2000 ppm dose level (5/50 versus 0/49 at control), but there
was no dose-related increase in ovarj~n tumors. only the three
highest dose groups displayed some t'.lmors. There was a slight
increase in cystic hyperplasia of tie uterus (at 2000 ppm dose
group the incidence was 10/50 versus 4/49 at control).

The majority'ot the lesions were identitied at terminal
sacritice in both the main and satellite g.L:"~s. The satellite
animals consisted of lO/sex that were schedule~ tor sacritice and
those that were unscheduled deaths. The above numbers for non-
neoplastic lesions did not include satellite group numbers although
they showed the same trends for non-neoplastic lesions as the main
study groups.

d. Considerations of Adeauate Dosina for Assessment of
Carcinogenic Potential

Food and water consumption, clinical observations, blood and
urine analyses, ophthalmoscopic evaluations and gross pathology
were comparable between control and treated groups. The
statistical evaluation of survival indicated that male rats had no
significant mortality differences with incremental. doses of
Procymidone. Females had a significantly decreasing mortality
trend with incremental doses of Procymidone. The female rats also
had a significant decrease in mortality in the pair-wise comparisonof controls and the highest dose group. .

Although there were no formal statistical analyses of body-
weight gain, dose-dependent decreases in body-weight gain were
apparent for both sexes. At the top dose of 2000 ppm, the
differences (' of control) observed at 103 weeks were 87' for males
and 79' for females.

Based on the evidence presented, particularly the body-weight
gain decrements and the hyperplasia in the testicular tissue where
tumors were observed, the Peer Review Committee agreed that the
dosing was adequate in this study for assessment of carcinogenic
potential.

6



2. Mouse Carcinogenicity Study

Reference: Filler, R., Maloney, D., Alsaker, R., Clinton, J.,
Parker, G., Thakur, A., Hohing, L., and Vanatta, P. Oral Chronic
Toxicity and Oncogenicity study in Mice/Sumilex. Unpublished Report
No. BT-81-0126, BT-81-0127 trom Hazleton Laboratories America Inc.
(1988). Hazleton Laboratories America study No. 22254. Submitted
by Sumitomo Chemical Co., Ltd. MRID #414777-05.

Exuerimental Designa.

Procymidone (purity 99.86%> was fed to B6C3F1 mice at dose
levels of 0, 30, 100, 300 and 1000 ppm to qroups of 60
animals/sex/dose" qroup. The animals were observed for 24 months,
with an interim sacrifice at 52 weeks of 10 animals/sex/dose qroup.

b. Discussion of Tumor Data s

Procymidone was associated with the appearance of liver tumors
in both sexes of exposed mice (Tables 2 and 3). In male mice,
there was a significant dose-related positive trend in
hepatoblastomas (a rare variant of hepatocellular carcinoma). In
females, there were significant dose-related positive trends in
hepatocellular adenomas and in combined live~ (adenomas and/or
carcinomas) tumors. Female mice also had a significant difference
in the pair-wise comparison of controls and the highest dose group
in both hepatocellular adenomas and in the combined liver (adenoma
and/or carcinoma) tumors. At the 52-week sacrifice, a
hepatocellular adenoma was reported in one control male and one
low-dose male.

.,



--*********--

Table 2. Procymidone, B6C3Fl mice. Male hepatocellul~r tumor
(adenomas, carcinomas and blastomas) rates+ and Cochran-Armitage
trend test (except where noted) and Fisher's exact test results (p
values).

Dose (nnm)

Tumors .Q lQ 1..Q.Q. l.Q.Q. .i.Q.QQ

12/60a
(20)

0.100

Hepatocellular adenoma
(%)
p=

6/60
(10)

0.105

11/58
(19)

0.130

9/59
(15)

0.2' 9

5/56
(9)

0.549

9/5SbHepatocellular carcinoma 5/60
(%) (8)
p= 0.469

6/60
(10)

0.500

5/~9
(8)

0.618

6/56
(11)

0.451

Hepatoblastoma
(!~

p -

1/60
(2)

0.018

0/60
(0)

0.500

5/56C
(9)

0.088

0/58
(O)

0.508

2/59
(3)

0.494
*

Combined carcinoma and
blastoma

(%)
p-

6/60
(10)

0.055

6/60
(10)

0.619

9/58
(16)

0.267

7/59
(11)

0.487

':"/56
(~O)

0.114

Combined all liver
tumors

(t)
p-

12/60
(20)

0.408

18/60
(30)

0.146

20/58
(34)

0.059

16/59
(27)

0.242

16/56
(29)

O. 195.

~~

+ Number of tumor bearing animals/number of animals examined,

excluding those that d~ed before 52 weeks.

++Exact trend test and Fisher's exact test results

a First adenoma observed at week 52, 30 ppm dose.
b First carcinoma observed at week 62, 100 ppm dose.

cFirst blastoma observed at week 105, 1000 ppm dose
.

NOTE: Siqnificance of trend denoted at Control.
Siqnificance of pair-wise comparison with control denoted at
Dose Level.

If * then p < 0.05 and if ** then p < 0.01

--*********--

8

(16)
0.179
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Table 3. Procymidone, B6C3F~ mice. Female hepatocellular tumor
(adenomas, carcinomas) rates and Cochran-Armitage trend test andFisher's exact test results (p values). .

Dose (DDm)

.1.Q.Q.Tumors .Q. 1.2. .J.Q.Q 1000

7/60a
( 12).

0.036

Hepatocellular adenoma
(')
p-

1/57
(2)

0.000

0/56
(0)

0.504

2/60
(3)

0.519

1/56
(2)

0.748
**

2/56
(4)

0.493

H~patocellular carcinoma 1/57
(') (2)
p. 0.342

1/56
(2)

0.748

2/60
(3)

0.519

2/56
(4)

0.684

6/60
(10)

0.153

2/56
(4)

0.684

9/60
(15 ).

0.032

Combined tumors
(%)
p-

2/57
(4) **

0.002

~

+ Number of tumor bearing animals/number of animals examined,
excluding those that died before 52 weeks.

. ,
a First adenoma observed at week 87, 1000 ppm dose.
b First carcinoma observed at week 104, 300 ppm dose. .

NOTE: Siqniticance ot trend denoted at Control.
Siqnificance of pair-wise comparison with control denoted at
Dose Lavel.

It * then p <-0.05 and it ** then p < 0.01

--*********--

HISTORICAL CONTROL DATA

Historical- control q~ta from the testinq facility at which
this study was performed "~resented below. There were 9 studies
in which terminal necropsies were performed during 1979 to 1987.
With the exception ot one study, control mice were housed tor 104
weeks (exception, study 0 lasted 78 weeks). In these data, the
rates may not contain appropriate denominators, i.e. animals at
risk. Also, animals with adenomas may also include those that also
had carcinomas, which is unlike the tabulations in the tables
above. The range ot liver tumors observed for mice are in Table
4.

9

(7)
0.198
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Table 4. Historical Control Data, mouse studies

Stud~- Adenomas
~ Rate 1

CO/50 0
A 1/50 2
0 4/51 7.8
E 4/50 8

concur. 6/60 10
B 5/49 10.2
D 5/49 10.2
F 7/49 14..3
H. 8/49 16.3
G 12/50 24

Stud~ ~astomas
Rat§. .l
0/51 0
0/50 0
0/50 0
0/50 0
0/50 0
0/49 0
0/49 0
0/49 .0
0/49 0
1/60 1.7

0
A
C
E
G
B
D
F
H

concur.

MALES
Stud~ Carcinomas

~ 1.
0 1/51 2
H 3/49 6.1concur. 5/60 . 8.3

G 6/50 12
D 6/49 12.2
C 7/50 14
B 11/49 22.4
F 11/49 22.4
A 16/50 32
E 19/50 38

FEMALE~
stud~ Carcinomas

~.1
B 0/50 0
F 0/50 0
H 0/50 0
0 0/49 0
G 0/48 0

concur. 1/57 1.8
C 1/50 2
D 2/50 4
E 2/50 4
A 5/50 10

Stud:l Adenomas
Rate .l

B 0/50 0
CO/50 0
a 0/49 0

concur. 1/57 1.8
F 1/50 2
A 2/50 4
D 2/50 4
E 2/50 4
G 3/48 6.2
H 4/50 8

MALES
0-24
6.1-38
0-1.7
10-46

FEMALES
0-8
0-10
none reported
0-14

*

TUMOR TYPE
Hepatocellular adenoma
Hepatocellular carcinoma
Hepatoblastoma
Combined adenoma and carcinoma

*assumes no double countinq
The values in this tumor type table does not use study o.

HEPATOCELLTJLAR ADENOMA

With regard to adenomas, females at the 300 and 1000 ppm
levels displayed incidences of 3 and 12% vs concurrent control of
2%. The top dose rate was outside the historical control range.

HEPATOCELLULAR CARCINOMA

Increased incidences of carcinomas in treated males at 100 and
1000 ppm were within the reported historical control range, and the
increases were not statistically significantly greater than the
concurrent control. The same is true for treated females at the
top three doses.
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HEr'ATOBIASTOKA

The increased incidence of hepatoblastoma in the 300 and 1000
ppm males was not statistically significantly greater,than that
observed in the concurrent controls, but was greater than the
hist~rical control range. It was noted that outside of the
concurrent control, this tumor type was not found in the historical
control data for males. No hepatocellular blastomas were observed
in either the historical control females or the females in the
current study.

":OMBINED ADENOMA/CARCINOMA .(Females only)

The combined incidence at the 1000 ppm dose levels (15%) was
sliqhtlyoutside t.he historical control ranqe (0-14%), and the
increase above tne concurrent controls was statistically
siqnifical.~ ,

COMBINED ADENOMA/CARCINOMA/BLASTOMA (Males only)

The concurrent controls displayed an incidence of 20%, while
the 100 ppm dose level showed the highest incidence (34%), which
is within the historical control range (10-46%); none of the
increases for combined tumor incidence was statistically
significant.

Non.-Neoclastic Lesionsc.
There were consistent, dose-related increases in mean liver

weight and relative liver weight at 105 we~ks in both sexes. Liver
c~omegaly was observed at the highest dose in both sexes, although
the males ~ere affected more (e.g., at 1000 ppm, the incidence of
centrilobular cytomegaly in males was 43/49 versus 0/50 for the
control: the incidence for females was 5/50.versus 0/50 for the
control). Additionally, there was an increase in multifocal fatty
changes in the high-dose males and an increase in diffuse fatty
changes in the high-dose females. Dose-related cytologic
alterations in the centrilobular region were reported in males at
the 52-week interim sacrifice also: however, the exact nature of
these alterations was not stated.

d. Considerations of Adeauate Dosina for Assessment of
Carcinoaenic Potential

For both male and female mice, there were no statistically
siqnificant mortality differences with dose increments of
Procymidone. There were no siqnificant compound- or dose-related
effects noted in body weiqht or body-weiqht qain, food or water
consumption, ophthalmoscopic chanqes, hematoloqy or clinical
chemistry in either sex. None of this information indicated that
an adequate top dose was attained in this study.
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It appears from the evidence that the liver is a target organ
after Procymidone administration in mice. The Peer Review
Committee discussed the liver effects seen in the carcinogenicity
study and the subchronic studies (see section E.3. below) in
rela~ion to adequate dosing for carcinogenic potential. Although
there was some liver toxicity apparent in the subchronic studies,
for example, coagulative necrosis, there was not a good dose-
relationship for females even at doses up to 10,000 ppm. There was
no effect on body weight gain at 2500 and 10,000 ppm. The
Committee felt that while there was cytomegaly in the
carcinogenicity study at the top dose, the systemic toxicity was
not impressive and that dosing could have been easily higher. For
males, the Committee conjectured that the significant trend in
-hepatoblastomas may have continued and even reached a significant
pair-wise comparison. For females, the use of higher dosing may
have resulted in more tumors related to dose increments, but the
Committee discussed that the risk estimate itself would not likely
be altered very much.

Based on these considerations, the Committee felt that this
mouse carcinogenicity assay would be adequate for risk assessment
although adequate top dosing may not have been attained.
Furthermore, it was not considered necessary to ~epeat this study.
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E. Additional Toxi{,:oloa-" Data on:

1. Metabolism

Single oral doses of Procymidone (100 mg/kg) were administered
to rats and mice and were found to be readily absorbed from the
gastrointestinal tract and distributed to all tissues examined
(MRID #414777-10). The metabolic profiles were comparable bet.~een
the species. A total of' metabolites were isolated from the urine
and feces; most appear t~ be the result of oxidation of Procymidone
by the mixed function o~idase system. Extracts from blood, brain,
kidney, liver, and test.-:,s contained an additional metabolite, 3,5-
dichloroaniline, which'esulted from cleavage of the imide linkage.
Cyclopropane-(COOH) 3 was presumably present in the tissues and
excreta but could not be detected since only the phenyl moiety was
labeled.

2. Mutaaenicit:i

Procymidone has been tested in several mutagenicity studies,
but all of these have been classified by the Agency as
unacceptable. Therefore, ."ltagenici ty testing performed in
accordance with the Subdivision F mutagenicity quideline is
required to fulfill this data gap.

a) Rec-assay using Bacillus subtilis M45 and H17 strains
(MRID #414688-15 and #414688-16): no inhibitory effect on growth
in either strain at concentrations of 10 to 10,000 ug/disk.
Classification: unacceptable due to improper test design and lack
of test results under the activated conditions.

b) Testing with 4 strains of Salmonella tVDhimurium (TA98,
TA100, TA 1535, TA1538) as well as the E. £Qli WP2 strain (MRID
#414688-15 and #414688-16)-: negative with and without metabolic
activation at concentrations of 10 to 10000 ug/plate.
Classification: unacceptable because complete procedures were not
provided for confirminq genotypes of tester strains.

c) Host-mediated assay in mice using G-46 strain of ~.
tVDhimurium (MRID 1414688-15 and 1414688-16): negative with single
doses of 1000 and 2000 mg/kq and with double doses of 2 X 200 and
2 X 500 mq/kq. Classification: unacceptable since no preliminary
cytotoxicity test results were provided and the hiqh- dose. was
inadequate.

d) Mammalian cells in.culture gene mutation assay in V79
cells (MRID #414849-06): negative in the in vitro V-79 cell
mutation assay with and without metabolic activation at
concentrations of 0.7 to 6 mH. Classification: unacceptable due to
an inadequate high dose and the use of improper exposure times.
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e) ~ ~ mammalian cytogenetic assay in mouse bone marrow
(MRID ';414688-14): not clastogenic in mouse bone marrow assayed 6,
24 al1J 48 hours after treatment at dose levels of 400 to 1600
mg/kq. Classification: unacceptable due to an inadequate high dose
and the use of only one sex.

f) Unscheduled DNA synthesis (UDS) assay in heteroploid
epithel~al hu~an c,ells (MRID ~41484~-06): negativ~!ith and wit~~ut
metabol~c act~vat~on at concentrat~ons of 6 X 10 M to 6 X 10 M.
Classification: unacceptable due to a lack ot cytotoxicity test
results and the use ot improper exposure times.

q) Sister chromatid exchange (SCE) assay in cultured mouse
emtryo cells (MRID #414688-17): SCE frequency in the pre!ence agd
ab:ence of metabolic activation at concentrations of 10- to 10- M
wa~ not increased. Classification: unacceptable due to the lack
of a cell cycle delay study and an inadequate high dose.

Ac\..te. Subchronic. and Chronic Toxicity StudiesJ.

Procymidone can be classified in Toxicity Category IV for
acute oral toxicity and eye and skin irritation, Toxicity Category
III for dermal and inhalation toxicity, and the test material was
not sho--.' to"be a skin sensitizer. None of these studies is
required wnder the conditions of proposed use of Procymidone
(import tolerance).

In a subchronic study in dogs (MRID #414849-04), dose levels
of 20, 100, and 500 mg/kg/day (capsule) were administered. The
NOEL is 100 mg/kg: the LEL is 500 mg/kg, based on increased
incidence of emesis (both sexes), diarrhea (females), elevated
alkaline phosphatase levels (both sexes), and increased BUN(males) . -

The administration of Procymidone to rats for 6/9 months (MRID
#414849-05) at dose levels of 150, 500, ~nd 1500 ppm in the diet
resulted in increased relative liver weight in both sexes at the
high-dose level after 6 and 9 months and in females at the mid-dose
level after 6 months, increased testes (both absolute and relative)
weight after 9 months of dosing at the high-dose, and increased
relative brain weight in females after 6 months and in both sexes
after 9 months ot dosing at the high-dose level. Lower body
weights were noted in both sexes at 1500 ppm after 9 months. In
the chronic toxicity/carcinogenicity study, a high dose of 2000 ppm
was used, which appears appropriate since an MTD may not "have been
achieved in this subchronic study (strain ot rat is different
between the two studies). The NOEL is 150 ppm (7.5 mg/kg/day): the
LEL is 500 ppm (25 mg/kq/day), based on body- and organ-weight
effects.
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In a 13-week pilot study (MRID #414849-02) in mice (dose
levels of 100, 500, 2500, and 10,000 ppm), ~ sliqht depression in
body weiqht was seen in males at the hiqhest dose level. Absolute
and relative liver weights were increased in both sexes at the 2500
and 10,000 ppm levels, and absolute and relative kidney weights
were'depressed in both sexes at the 10,000 ppm level.

Evidence that the liver is the tarqet orqan included dose-
related increases in liver coaqulative '~,icrosis (500, 2500, &
10,000 ppm) , coarsely dispersed hepatocyte ()hromatin (2500 & 10,000
ppm) , hepatocyte nuclear enlarqement (5OC', 2500, & 10,000 ppm) ,
cytoplasmic hepatocyte swellinq (all dose levels), and
multinucleated hepatocytic qiant cells (!"OO, 2500, & 10,000 ppm)
.in either or both sexes. Based on the siqnificant increase- in
hepatic coagulative necrosis in association with increa~ed liver
weiqhts observed at 500 ppm, the selection of l~OO ppm as the hiqh-
dose in the mouse carcinoqenicity study appears '-~ be justified.

No conclusions can be drawn from a 3-month study in mice fed
Procymidone (MRID #414688"-12) at dose levels of 50, 150, and 500
ppm,. due to the unhealthy state of the test animals. Additionally,
in- a 6-month study in mice (MRID #414849-~~), a dose-related
increase in testicular atrophy was observed, b~~. tbe scientific
validity of the study is questioned due to the unhealthy state of
the test animals.

. In ano~er 6-month feedinq study in mice, desiqned
specif ically to determine a no-effect levels tor testicular. atrophy
(MRID #414777-02), no evidence of systemic toxicity was observed
at dose levels of 10, 30, 100, and 300 ppm~ Absolute and relative
testes weights were qreater in all treatment groups compared with
control, but there was no clear evidence from histopatholoqical
examination that this was a toxic effect.

A series of studies were conducted on rats and mice designed
specifically to examine the possible involvement of gonadotropin
disrequlation in the production of testicular interstitial cell
tumors observed in male rats fed Procymidone. These studies
addressed the effects of Procymidone on serum hormone levels, on
testicular function, and the affinity of Procymidone to the
androqen receptor. The dose levels investiqated in these studies
include 100, 309, 700, 2000, , 6000 ppm.

The affinity of Procymidone to androgen receptors in the
prostate cytosol (MRID 1414777-04) was low (0.07% of
dihydrotestosterone) in both species. There were inconsistent
results in the effects of Procymidone on testes weight, serum
testosterone and luteinizing hormone levels among the various
studies performed, which do not allow a conclusion as to the "no-
hormonal effect" level (300 ppm) determined by the Registrant.
Additionally, the Registrant considers the prolonged excessive
responsiveness of interstitial cells to stimulation to be the cause
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of the' induction of i~terstitial cell tumors in rats, and the
transient responsivene~s of these cells to stimulation in the mouse
to account for the lack of induction of these tumors in the mouse.
Although this is plausible, the data submitted do not provide
conclusive evidence to support this contention. Of the several
parameters measured, only two were significantly different from
control at 13 weeks [increased levels of testis testosterone
(ng/testis) and pituitary luteinizing hormone (ug/pituitary), and
the increases were ob$erved only at 6000 ppm. The highest dietari'
level in the chronic toxicity/carcinogenicity study in rats was
2000 ppm, and reprod'lctive effects were observed at a dose level
of 750 ppm in rats. No data were provided on the responsiveness
of interstitial cel~s to stimulation over a period of time of a
long-term study.

4. Develocmental all': Recroductive Effects

ALpk:APfSD rats were administered Procymidone in the diet at
dose levels of 50, 250, , 750 ppm for 12 weeks prior to initial
mating, and throughout the production of 2 litters and a second
generation, which also produced 2 litters that were maintained for
11 weeks (MRID #414777-08,

Systemic toxicity was observed in adults and pups at 250 and
750 ppm in the form of decreased body-weiqht qain and food
consumption, increased absolute and relative liver weiqhts in the
males, increased testes weiqhts and combined and adjusted te~tes
volume, and decreased pup prostate and epididymal absolute and
relative weiqhts. This toxicity was further corroborated' by

-evidence of macroscopic and microscopic chanqes in the liver and
male external qenitalia. Reproduction/developmental toxicity"was
evident at the hiqh dose, which caused abnormalities of external
qenitalia (reduced ano-qenital distance and hypospadias) in Fland
F2males and infertility in Flmales, presumed to be a consequence
of malformation induced by in utero exposure,durinq late qestation.
Minor histoloqical chanqes in pituitary and a reduction in size and
weiqht of the accessory sex orqans were also observed in these
animals. There were no similar effects at any other dose level or
on FO males. A tentative systemic NOEL is set at 50 ppmi the
tentative LEL at 250 ppm, based on body weiqht and orqan weiqht
effects. A tentative reproductive NOEL is set at 250 ppmi a
tentative LEL at 750 ppm, based on abnormalities of external
qenitalia in Fl and F2 males and infertility in Fl males. .

NOTE: A reduction in ano-qenital lenqth was also observed
followinq exposure to vinclozolin, a structurally-related compound.

There are two developmental toxicity studies. In the rat
study (MRID #414777-06), Procymidone was administered orally in
corn oil at dose levels of 30,100, and 300 mq/kq on qestation days
6 throuqh 15. There was- no evidence of maternal or developmental
toxicity. The dose levels used were not hiqh enouqh to adequately
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assess the potential of developmental and/or maternal "to'Cicit\'.

In the rabbit study (MRID 1414777-07), dose levels of 30,150,
750, ,and 1000 mqjkq did not induce maternal toxicity nor was
developmental toxicity evident from the investiqation of deathsj
resorption., altered qrowth, developmental anomalies and
malformations. The maternal NOEL and LEL are qreater than 1000
mq/kq (limit dose). The developmental NOEL and LEL are greater than
1000 mq/kg also.

5. Structure-Activitv Correlations

Procymidone is s'tructurally similar to Iprodione and Vinc!.ozolin
(see structures followinq). ~lthough procymidone appears to be
structurally related to Iprodione and Vinclozolin, their chemical
properties may differ. Procymi~one, being a cyclic imide, may ha.'e
some acylatinq activity and would be expected to be less stable
than Iprodione and Vinclozolin (the additional heteroatom should
make the rinq more stable than Procymidone). Also, the vinyl group
in Vinclozolin is a potential pro-electrophile.

a) Igrodione: 3-(3,5-dichlorophenyl)-N-(1-methylethyl)-2,4-dioA~-
l-imidazoline carboxamide (a fungicide). IprodiOne has been tested
in both the rat chronic feeding/carcinogenicity and mouse
carcinoge.1icity studies. In the rat study, there was no
carcinogenic response: the NOEL for systemic effects was set at
>~ooo ppm (HOT: 50 mg/kg). The other doses were 125 and 250 ppm.
The mouse study was also negative for carcinogenicity, ~ith the
systemic NOEL set at 1250 ppm (HDT: 62.5 mg/kg): other doses were
200 and 500 ppm. It is to be noted that both the mouse and rat
studies were found inadequate during the FIFRA Phase 2 review.
There are several acceptable mutagenic studies on Iprodione.
Negative results were obtained in a mouse dominant lethal test, a
forward mutation (CHO/HGPRT) assay with and without activation,
and in the sister chromatid exchange assay with CHO cells with and
without activation. Iprodione was positive in the DNA
damage/repair assay with ~ subtilis (rec assay) at the highest and
lowest concentrations used (1670 and 20.6 ug/disc) without
metabolic activation.

b) Vinclozolin or Ronilan: 3- (3, 5-dichlorophenyl) -5-methyl-5-vinyl-
1, 3-oxazolidin-2, 4-dion is a funqicide, bactericide, and wood
preservative. It has been tested in both the rat chronic toxicity
feedinq/carcinoqenicity and mouse carcinogenicity studies. Inthe
rat (26 months) study, there was no evidence of a carcinoqenic
effect. The systemic NOEL was set at 486 ppm (24.3 mq/kq), the LEL
at 1458 ppm (72.9 mq/kq), based on body weiqht reduction and
reduced serum bilirubin. Doses tested were 162,486, , 1458 ppm.
In the mouse (26 months) study, the systemic NOEL was set at 486
ppm (72.7 mq/kq), the LEL at 1458 ppm (218.7 mq/kq), based on
decreased body weiqht in the males. There was an increase in
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leukemia/lymphoma in males, an apparent dose-related increase in
lung adenoma in females, and a low but increased incidence of liver
adenomas at the HOT in males. The Peer Review Committee concluded
that the mouse carcinogenicity, the rat chronic toxicity/
carcinogenicity, and mutagenicity studies did not support the
finding that the test material was carcinogenic. It is to be noted
that both studies are being repeated.

Vinclozolin has been tested in sev~ral mutagenicity studies.
Positive and negative results have ~een obtained in several
Salmonella assays. Negative results h~~e been obtained in a host-
mediated assay, a CHO/HGPRT assay, l mouse l~phoma assay, an
UDS/primary rat hepatocytes assay anll a SCE assay in hamsters.
-There is a data gap tor testing in the structural chromosomal
aberrations category.

structures of Analoaues:
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c) 3,S-Dichloroaniline is a metabolite of Procymidone. Very little
data were available on this compound. It does not induce UDS in
primary rat hepatocytes as reported in the literature. It may have
a carcinoqanicity concern based on analoqy to p-chloroaniline which
has equivocal evidence for carcinoqenicity (NTP Technical Report
No. 189) for the circulatory system in male and female mice and for
the spleen in male rats; however, these are different tarqets than
those seen with Procymidone. p-Chloroaniline is positive in the
Salmonella assay (Procymidone appears neqative in this assay - see

above).
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Weiaht of Evidence Considerations:F.
The Committee considered the following facts regarding the
toxicoloqy data on Procymidone to be of importance in a weiqht-of-
the-evidence determination of carcinogenic potential.

1. ".The administration of Procymidone was associated with an
increased'incidence of testicular interstitial cell tumors in male
Osborne Mendel rats. At dietary levels of 1000 and 2000 ppm
Procymidone, the incidence of testicular tumors was signi~icantly
increased (dose-related) above control incidence, and th6ce was a
significant trend. Additionally, the incidence of tEsticular
interstitial cell hyperplasia was significantly increase~ at these
two dose levels~

2. Pituitary adenomas were significantly increased at the 1000 and
2000 ppm dose levels in female rats, and there was a siqniticant
positive trend.

J. Male mice had a significant positive trend in hepatoblastomas
(a rare variant ot hepatocellular carcinoma) with increasing dose
levels ot procymidone. While pair-wise statistical significance
was not obtained, it was noted that this tumor type did not show
up in the historical database (outside ot the concurrent cont~~t).
Also, it was considered that the top dosing in this study cou.d
have been significantly higher, thus possibly increasing the
induced incidence.

4. At the high dose (1000 ppm), -female mice demonstrated a
siqnificant increase in both hepatocellular adenomas and in
combined adenoma and/or carcinoma. Additionally, there was a
significant positive trend in hepatocellular adenomas and in
combined adenoma and/or carcinoma. Also, it was considered that
the top dosing in this study could have been significantly higher,
thus possibly increasing the induced incidence.

5. Althouqh none of the mutaqenicity studies on Procymidone
indicate a qenotoxic effect, all are classified as unacceptable for
various deficiencies (8.q. study performance, inadequate dosing).
It is suqqested that these studies do not indicate a mutagenicity
concern: however, full confidence cannot be placed in the apparent
neqative tindinQs since these studies have deficiencies based on
current standards.

6. The two major analoques, Iprodione and Vinclozolin, providelittle SAR support for the carcinogenicity ot Procymidone. . The

Iprodione studies were inadequate (although reported negative) and
the Peer Review Committee concluded that the evidence for
Vinclozolin does not support a carcinogenicity concern. Also, it
was pointed out that the chemical properties of these three
compounds may differ. The available evidence for the metabolite
3,5-dichloroaniline also provides little support for a
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carcinogenicity concern
different target).

(e.g. its analogue p-chloroaniline has a

7. Procymidone was considered a reproductive/developmental
toxicant based on the rat multiqeneration study where abnormalities
of external qenitalia and infertility of males were observed. It
was noted that the non-cancer health effects, includinq adverse
reproductive effects, occur much earlier than the reported
carcinogenic effects and at quite low doses. It is recommended
that the evidence for reproduction and developmental effects be
reviewed by the Health Effects Division's Reproduction and
Developmental Peer Review Committee.

8. The Reqistrant performed special studies in rats and mice'to
sup~ort their contention that the noted testicular tumors were the
result of prolonged hormonal stimulation ot the interstitial cells.
These studies suggested that Procymidone increased serum levels of
luteinizing hormone and testosterone and that Procymidone has a low
affinity tor androqen receptors. They did not demonstrate
responsiveness ot interstitial cells to stimulation in a long-term
study.

The Peer Review Committe. noted that the targets associated
with Procymidone exposure (pituitary, ovaries, testicular tissues)
as well as the possible effect on LH and testosterone levels may
be a reflection of some underlying mechanism (e.g. possible
steroidal etf.cts on testes). However, the Committee agreed that
the data presented were not conclusive to establish Rormonal
effects as the basis for tumor induction.

9. The evidence establishes the liver as a major site of target-
organ toxicity in both rodent species. This is based on liver
tumor incidences in mice as well as non-neoplastic liver lesions
in both sexes of rats and mice. Any differences in the degree of
toxicity between the species may be due to differences in
metabolism rates.

10. Possible interaction or synergism between Procymidone and
alcohol in wine products containing Procymidone was mentioned and
may need to be investigated. This was considered due to observed
liver toxicity and reproductive effects associated with both
compounds. .
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G. Classification of Carcinoaenic Potential:

Criteria contained in the EPA Guidelines [FRS1: 33992-34003, 1986]
for ~~assifYing a carcinogen were considered.

The Peer Review Committee voted nine votes to classify
Procymidone as a Group B2 - Probable Human Carcinogen and eight
votes to classify Procymidone as a Group C - Possible Human
Carcinogen.

The B2 classification was based on the statistically
significant increasing trend and pair-wise increase in interstitial
cell adenomas in.male rats, pituitary adenomas in females rats, and
liver adenomas and combined adenomas/carcinomas in female mice.
Additionally, a rare variant of hepatocellular carcinoma,
hepatoblastoma, had a significantly increasing trend in male mice.
The hepatoblastoma rate at the top dose was well outside the
historical control range. While the tumor incidences in mice were
not greatly elevated, the effects were seen at doses well below an
adequate top dose. The available evidence for a mechanism
involving altered hormonal influences was not conclusive. Also,
potential acylating activity as a cyclic imide was considered.

The C classification was supported by the same evidence as
above, but with a different consideration. Although there were
significant increases in tumors in two species (both sexes of rat
and in the female mouse), these were primarily benign. The one
malignant tumor, hepatoblastoma in male mice, occurred with a
significant positive trend, but was not significantly increased in

-a pair-wise comparison with controls. Also, the hepatoblastomas
were late occurrinq, first appearing at week 105 at the highest
dose. The female mouse liver tumors were found only at the highest
dose with a pair-wise comparison. to controls 0.03 to 0.04.. The
combined female mouse tumor incidence, consisting mainly of benign
tumors, was just outside historical controls. The female rat
pituitary tumors were benign and considered common in aging rats.
It was found difficult to ascribe biological significance to this
increase in pituitary tumors. There was a lack of support from
genotoxicity evidence and SAR considerations. Finally, while the
available evidence for a mechanism involving altered hormonal
influences was not conclusive, based on the effects seen in several
endocrine targets, this mechanism -was considered possible and
additional studies were encouraged.

For the purpose of risk characterization, a low dose
extrapolation model applied to the experimental animal tumor data
was.. overwhelmingly recommend~d. for. quantificati?n. of .human risk
(Ql) regardless of the class~f~cat~on. A quant~f~cat~on of
is recommended for the testicular tumors in male rats and for the
liver tumors in female mice. These would qe performed to compare
the risk estimates as well as to examine the possibility of
combining the risk estimates into one risk estimate.
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Administration of potentially antiandrogenic pesticides (procymidone,
linuron, iprodione, chlozolinate, p,p'-DDE, and ketoconazole) and toxic
substances (dibutyl- and diethylhexyl phthalate, PCB 169, and ethane
dimethane sulphonate) during sexual differentiation produces. diverse
profiles of reproductive malformations in the male rat t
CYNTHIA WOLF, a CHRISTY LAMBRIGHT, a PETER MANN, b MATTHEW PRICE, a
RALPH L. COOPER, a JOSEPH OSTBY a AND L. EARL GRAY JR. a
. Endocrinology Branch, ~ctiue Toxicology Division, NationOJ Health and Enuirorrmelrtal Effects RereaFCh Loboratory, United States Environmen-

tal Protection ..4gmcy, Rerearch Triangle Park, North CarolinD
b Experimental Pathology Labs, Inc., Research Triangle Park, North Carolina

Antiandrogenic chemicals alter sexual differentiation by a variety of mechanisms, and as a consequence, they induce ditTe~t profiles of effects. For
example, in utero treatment with the androgen receptor (AR) antagonist, flutamide, produces ventral prostate agenesis and testicular nondescent, while in
contrast, finasteride, an inhibitor of 5a-dihydrotestosterone (DHT) synthesis, rarely, if ever, induces such malformations. In this regard, it was recently
proposed that dibutyl phthalate (DBP) alters reproductive development by a different mechanism of action than flutanlide or vinclozolin (y), which are AR
antagonists, because the male offsprings display an unusually high incidence of testicular and epididymal alterations-etTects rarely seen after in Ittero
fIutamide or Y treatment. In this study, we present original data describing the reproductive effects of 10 known or suspected anti-androgens, including a
Leydig cell toxicant ethane dimethane sulphonate (EDS, 50 mg kg-I day-I), linuron (L, 100 mg kg-I day-I), p,p'-DDE (100 mg kg-I day-I),
ketoconazole (12-50 fOg kg-I day-I), procyrnidone (P, 100 mg kg-I day-I), chlozolinate (100 mg kg-I day-I), iprodiOlle (100 mg kg-I day-I), DBP
(500 mg kg-I day- I), diethylhexyl phthalate (DEHP, 750 mg kg-I day - I), and polychlorinated biphenyl (PCB) congener no. 169 (single dose of 1.8 mg

kg-I). Our analysis indicates that the chemicals discussed here can be clustered into three or four separate groups, based on the resulting profiles of
reproductive effects. Yinclozolin, P, and DDE, known AR ligands, produce similar profiles of toxicity. However, p,p'-DDE is less potent in this regard.
DBP and DEHP produce a profile distinct from the above AR lig~ds. Male offsprings display a higher incidence of epididymal and testicular lesions than
generally seen with fIutamide, P, or Y even at high dosage levels. Linuron treatment induced a level of external effects consistent with its low affinity for
AR [reduced anogenitaJ distance (AGD), retained nipples, and a low incidence of hypospadias]. However, L treatment also induced an unanticipated degree
of malformed epididymides and testis atrophy. In fact, the profile of effects induced by L was similar to that seen with DBP. These results suggest that L
may display several mechanisms of endocrine toxicity, one of which involves AR binding. Chiozolinate and iprodione did not produce any signs of
maternal or fetal endocrine toxicity at 100 mg kg - I day -I. EDS produced severe maternal toxicity and a 450/. reduction in size at birth, which resulted in

the death of all neonates by 5 days of age. However, EDS only reduced AGD in male pups by 150/.. Ketoconazole did not demasculinize or f~inize males
but rather displayed anti-hormonal activities, apparently by inhibiting ovarian hormone synthesis, which resulted in delayed delivery and whole litter loss.
In summary, the above in vivo data suggest that the chemicals we studied alter male sexual differentiation via different mechanisms. Thc anti-androgens V,
P, and p,p'-DDE produce flutamide-likc profiles that are distinct from those seen with DBP, DEHP, and L. The effects of PCB 169 bear little resemblance
to those of any known anti-androgen. Only in d~th in vitro studies will reveal the degree to which one can rely upon in vivo studies, like those presented
here, to predict the cellular and molecular mechanisms of developmental toxicity.

Keywords: anti-androgen. developmental reproductive toxicology. endocrine disruptor. inhibition of steroid synthesis. pesticides. phthalate. sex re~
steroid receptors.

- -

I. A\lbrcviations: AGD, anogenital distance; Ah, aryl hydrocarbon;
ANDV A, analysis of variance; AR, androgen receptor; DBP, dibutyl

phthalate; DEHP, diethylhexyl phthalate; DHT, Sa-dihydrotestosterone;
EDS, ethane dirnethane sulphonate; EDST AC, Endocrine Disruptor
Screening and Testing Advisory Committee; EPA, Environmental Protec-
tion Agency; GD, gestational day; L, linuron; LE, Long-Evans; LH,

luteinizing honnone; LQ, lordosis quotient; NDAEL, no-observed-ad-
verse-effect level; P, procymidone; PCB, polychlorinated biphenyl; PCDF,

polychlorinated dibenzofuran; PHI, pseudohemlaphroditism index; PND,
postnatal day; s.c., subcutaneous; SD, Sprague-Dawley; T, testosterone;
TCDD, 2,3,7 ,8-tetrachlorodibenzo-p-dioxin; V, vinclozolin

2. Address all correspondence to: L. Earl Gray Jr., PhD., Endocrinology

Branch, Reproductive Toxicology DivisiOll, National Health and Environ-
mental Effects Research Laboratory, US Environmental Protedion
Agency, MD-72, Research Triangle Park, NC 27711. Tel.: (919)541-7750.
Fax: (919)541-4017. E-mail: gray.earl@epamail.epa.gov.
t Disclaimer: The research described in this article has been reviewed by

the National Health and Environmental Effects Research Laboratory, US
Environmental Protection Agency, and approved for publication. Ap-
proval does not signify that the contents necessarily ~fIect the views and
policies of dIe agency nor does mention of trBde names or commercial
products constitute endorsement or recommendation for use.



Introduction dias and ambiguous genitalia. The fungicide, vinclozolin
(V), inhibits sexual differentiation as a consequence of
antiandrogenic action (Gray et al., 1994). When rats are
exposed to V (100 and 200 mg kg-I day-I) during late
gestation and early lactation. AGD in male offspring is
reduced to a female-like size, and the male progeny dis-
plays retained nipples, hypospadias, ectopic undescended
testes, and agenesis of the prostate. Dosage levels as low
as 3 mg kg-I day- I reduce AGD (Gray et al., this issue).

In vitro studies indicate that V metabolites, Ml and M2,
but not V itself, block sexual differentiation by acting as
competitive AR antagonists (Kelce et al., 1994). Some
other pesticides that display antiandrogenic activity are the
persistent DDT metabolite p,p'-DDE (Kelce et al., 1994)
and procymidone (P) (Gray and Kelce, 1996; Ostby et aI.,
this issue).

Exposure to 'endocrine-disrupting' pesticides, toxic sub-
stances, and drugs during critical stages of life can produce
pennanent alterations of vertebrate reproductive function.
Several cases of clear-cut, cause-and-effect relationships
exist between field exposures and adverse reproductive
outcomes in fish, birds, and mammals (Colborn and
Clement, 1992; Ankley and Giesy, 1998). In addition,
there are numerous instances where a significant correla-
tion exists between toxicant exposure in the field and
impaired reproduction. Human reproduction has been af-
fected by chemicals of this nature as well [drugs and
polychlorinated biphenyls (PCBs)], with reported effects
rangirig from declining sperm counts (Carlsen et aI., 1992)
to an increased female/male sex ratio (Davis et al., 1998).

Recently, interest in testing chemicals for endocrine-dis-
rupting activity has intensified. New laws require the US
Environmental Protection Agency (EP A) to test pesticides
for estrogen-like effects or other endocrine effects, as
designated by the EPA Administrator. It is critical to
recognize that pesticides alter reproductive function via
several mechanisms of toxicity besides estrogenicity and to
identify methods useful for testing for these activities.

The profile produced by fetal exposure to AR antagonists
like flutamide and P differs considerably from that pro-
duced by inhibition of DHT synthesis with Sa-reductase
inhibitors like finasteride. Of these two drugs, only flu-
tamide treatment induces high incidences of ventral prostate
agenesis and testicular nondescent. In this regard, it has
been proposed that a careful examination of the profile of
in vivo effects of a chemical that demasculinizes and
feminizes the fetal male can enable one to formulate a
hypothesis about the cellular and molecular mechanism of
antiandrogenic action. For example, dibutyl phthalate
(DBP) produces a profile that is distinct from that pro-
duced by chemicals that act solely as AR antagonists
(Mylchreest et al., 1998). DBP induces high incidences of
epididymal agenesis and testicular abnonnalities, while
treatment with flutamide or V at dosage levels that induce
hypospadias in 100% of the males has much less of an
effect on the epididymides and testes. Hence, it is unlikely
that DBP acts solely as an AR antagonist, if it binds AR at
all.

Administration of androgenic substances profoundly alters
rodent sexual differentiation. Females resemble males by
having an increased anogenital distance (AGD) and en-
larged phallus, and they have abnormalities of the uterus,
vagina, and mammary glands. Paradoxically, Wilson and
Wilson (1943) demonstrated that male rats treated neona-
tally with high doses of testosterone (T) had small hy-
pospennatogenic testes and reduced accessory sex gland
and epididymal weights. Progestins, which display weak
affinity for the androgen receptor (AR), alter male repro-
ductive differentiation in an antiandrogenic manner, caus-
ing hypospadias, ambiguous genitalia, and occasional tes-
ticular atrophy (Schardein, 1993). Some of these com-
pounds, incl~ding dirnethisterone, hydroxyprogesterone,
medroxyprogesterone, norethindrone, and progesterone
produce a low incidence of malfonnations in humans.
Similar effects have been obtained with progestins in
developing male rodents and monkeys (Prahalada et aI.,
1985). The pharmaceuticals, flutamide, which inhibits T
and 5a-dihydrotestosterone (DHT) binding to the intra-
cellular AR, and finasteride, which inhibits DHT synthesis
by acting as a Sa-reductase inhibitor (Imperato-McGinley
et al., 1992), also demasculinize the external genitalia of
male rodent offspring.

With this in mind, it was our objective to describe the
profile of effects of several potentially antiandrogenic
chemicals. In the current study, we present original data
describing the reproductive effects of 10 known or sus-
pected anti-androgens, including linuron (L, 100 mg kg-I
day-I), p,p'-DDE (100 mg kg-I day-I), P (100 mg kg-I
day-I), iprodione (100 mg kg-I day-I), cblozolinate (100
mg kg-I day- '), ethane dimethane sulphonate (EDS, 50
mg kg-I day-I), ketoconazole (12-50 mg kg-I day-I),
DBP (500 mg kg,-1 day- I), diethylhexyl phthalate (DEHP ,
750 mg kg-I day- I), and PCB congener no. 169 (single
dose of 1.8 mg kg-I). We expected p,p'-DDE and L to
produce profiles that resembled flutamide, V, and P be-
cause they are all known AR ligands. We wanted to
determine if chlozolinate and iprodione, two other dicar-

We found that ~everal pesticides act as 'environmental
anti-androgens' with sufficient potency to induce hypospa-
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boximide fungicides like V and P, acted as anti-androgens
in vivo. We included ketoconazole and EDS in this study
because they inhibit the synthesis of T (ketoconazole is a
cytochrome P-450 enzyme inhibitor and EDS kills Leydig
cells). We suspected that ketoconazole and EDS might
alter differentiation of T -dependent tissues to a greater
degree than do tJ1e AR ligands. In the current investigation,
we also wanted to confinn the reported effects of DBP on
the male rat and extend these observations to another
phthalate, DEHP. The aryl hydrocarbon (Ah) receptor
agonist, PCB 169, is included here to determine if it alters
reproductive development in the rat in a manner that
resembles 2,3.7 ,8-tetrachlorodibenzo-p-dioxin (TCDD)
(Gray and Ostby, 1995; Grayet al., 1995a, 1997a,b) and to
determine to what degree these effects resemble the action
of known antiandrogenic substances.

et aI., 1995), Mylchreest et aI. (1998) hypothesized that
DBP was antiandrogenic because it induced reproductive
tract malfonnations in several androgen-dependent tissues
in male progeny after prenatal DBP treatment, including
reduced AGD, hypospadias, undescended testes, and cleft
phallus. However, based on the observation of a high
incidence of epididymal and testicular lesions in DBP-
treated male offspring, they proposed that DBP did not act
via the same mechanism as V, P, or p,p'-DDE (Mylchreest
et al., 1998).

Ch/ozo/inate and Jprodione
Chlozolinate and iprodione are dicarboximide fungicides,
similar in structure to the anti-androgens V and P. How-
ever, there are no published studies reporting whether or
not chlozolinate and iprodione display antiandrogenic' ac-
tivity in vivo. Hence, these two pesticides were included in
the current investigation to determine if other members of
this class of fungicides produced endocrine alterations that
resembled the effects ofV.

Background information on the specific chemicals in-
vestigated in the study

Linuron
Linuron is a urea-based herbicide with an acute oral LDso
for rats of 4000 mg kg-I. In a 2-year feeding trial, L
increased the incidence of testicular tumors in rats at 125
and 625 mg kg-I day-I in the diet (Cook et aI., 1993). It
was proposed that L might produce this effect via an
endocrine alteration (Rehnberg et aI., 1988; Cook et aI.,
1993), because prolonged luteinizing hormone (LH) hyper-
stimulation of rat Leydig cells results in hyperplasia and
adenoma fonnation. Consistent with this proposed mecha-
nism of action, Cook et at. (1993) and Waller et at. (1996)
demonstrated that L displayed weak affinity for the AR.
However, in vivo short-term dosing with L produced
minimal effects on pituitary and testicular serum hormone
levels, and it failed to reduce androgen-dependent sex
accessory gland size in immature and adult male rats at
dosage levels that were not overtly toxic (Rehnberg et aI.,
1988; Cook et aI., 1993).

Procymidone
Procymidone is a dicarboximide fungicide structurally re-
lated to the well-charaCterized antiandrogenic fungicide, V.
Vinclozolin metabolites, M1 and M2, bind both rat and
human androgen receptors and act as AR antagonists. M1
and M2 block androgen-dependent gene expression in vivo
and in vitro by inhibiting androgen-induced AR-DNA
binding (Kelce et al., 1994; Wong et al., 1995). The
antiandrogenic activity of P has been much less thoroughly
characterized in vivo and in vitro than V. Competitive
binding studies show that P displays weak affmity for AR
(Hosokawa et al., 1993a; Waller et al., 1996). Ostby et al.
(this issue) determined that P altered sexual differentiation
at dosage levels as low as 25 mg kg- J day- J, but failed to

determine a NOAEL (no-observed-adverse-effect level).
Perinatal administration of P [25-200 mg kg-I day- I on

gestational day (GD) 14 to day 3 after birth] reduced AGD.
induced retained nipples. hypospadias, cleft phallus. and a
vaginal pouch. and reduced sex accessory gland size in
male Long-Evans (LE) hooded rat offspring. In addition.
treated males displayed increased incidences of inflamma-
tion of the prostate and seminal vesicles at 50 mg kg-I
day-J and above when necropsied at 16 months of age.
Such data are likely to be critical in the risk assessment of
P, because P produces reproductive malformations in the
fetal male at dosage levels (50 mg kg- J day- J and above)

that have little effect on the reproductive tract of the adult
male rat (Hosokawa et al., 1993b).

Phtha/ates. DBP and DEHP
In contrast to V, P, and p,p'-DDE, the phthalates represent
a class of toxicants that alter reproductive development via:
unknown mechanisms. Although there are numerous publi-
cations on the effects of phthalates on testicular function in
young adult male rats (Foster et al., 1980), little attention
has been paid to the effects of this class of chemicals on
sexual differentiation. One recent publication indicated that
perinatal DBP altered development of the male reproduc-
tive tract (Wine et al., 1997), causing underdevelopment
and agenesis of the epididymis and suggested that such
effects may have resulted from the estrogenic action of
DBP. While DBP is considered by many to be an 'environ-
mental estrogen' because it is estrogenic in vitro (Jobling

p,p'-DDE
We have shown that p,p'-DDE displays antiandrogenic
activity both in vivo and in vitro (Kelce et al., 1995). Tn
vivo, p,p'-DDE reduces AGD and induces retained nip-
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result from activation of the Ah receptor. TCDD is an
'endocrine disntptor' that acts on multiple components of
the endocrine axis (Birnbaum, 1994). TCDD exposure
alters the levels of many hormones, growth factors, and
their receptors as well as hormone synthesis. For these
reasons, it is arguable whether TCDD should be classified
as an anti-androgen. Initially, it was reported that fetal and
neonatal T levels were suppressed by TCDD treatment and
that AGD was shortened in male neonates. However,
replication of these effects remains elusive and the classifi-
cation of these compounds as 'anti-androgens' is contro-
versial. Although the precise endocrine mechanism of
toxicity has not been resolved for TCDD, it is clear that
exposure to a single low dose of TCDD ranging from 50
ng to 2 ~g kg-I during sexual differentiation of the rat or
Syrian hamster results in a number of unusual reproductive
alterations in males and females (Gray et al., 1997a,b).
Since the early 1970s, it has been known that exposure to
very low doses of TCDD produces infertility in rodent
progeny (Khera and Ruddick, 1973; Murray et al., 1979;
Mably et aI., 1992a,b,c; Bjerke and Peterson, 1994; Bjerke
et aI., 1994a.b; Gray and Ostby, 1995; Gray et al., 1995a).
In TCDD-exposed male offspring. puberty is delayed and
ejaculated and epididymal sperm nmnbers are reduced.
with less effect on testicular spenD production. Since T
levels are not reduced following perinatal TCDD exposure,
the alterations in these tissues are not likely to have
resulted from an alteration of the androgenic hormonal
status of the male offspring.

pIes, and trQted males have smaller venb"a1 prostates
(Kelce et aI., 1995). However, hypospadias was not ob-
served in p,p'-DDE-b'eated males. p,p'-DDE also dis-
plays antiandrogenic activity when administered during
puberty (Kelce et aI., 1995), producing a delay in andro-
gen-dependent preputial separation. In vitro, p,p'-DDE
binds to the AR and prevents DHT -induced transcriptional
activation in celIs transfected with the human AR When
p,p'-DDT, which is also antiandrogenic (Kelce et aI.,
1995), was administered to Dutch Belted rabbits during
gestation (does-b"eated) and lactation (pups treated) at
dosage levels well below those used here (25 mg kg-I:
does; 10 mg kg-I: pups; 1 time/week-I), reproductive
abnormalities were displayed by male offsprings (VeeIa-
machaneni et al., 1995). Infantile exposure alone resulted
in delays of up to 6 weeks in testicular descent When
combined with gestational exposures, uni/bilateral cryp-
torchidism also was observed. Serum levels. in offspring
were 208 ppb p,p'-DDT and 38 ppb p,p'-DDE. The
identification of p,p'-DDE and p,p-DDT as anti-andro-
gens may explain some of the effects of this pesticide on
wildlife. The high incidence of undescended testes in the
Florida panther could be the result of the high levels of
p,p'-DDE in the food chain (Facemire et aI., 1995, 1997).

Our earlier study with p,p'-DDE emphasized the neonatal
alterations seen in the LE hooded rat after in utero expo-
sure to 100 mg kg-J day-J on days 14-18 of pregnancy.
The CUJTent experiment with p,p'-DDE was designed to
examine the intrauterine effects of this compound in both
Sprague-Dawiey (SD) and LE hooded rats, with greater
emphasis on identification of permanent alterations than in
our earlier study.

In contrast to TCDD, known antjandmgenic chemjcals do
not cause malformarions jn the female offspring. In female
rat offspring, 0.2 to I ~g TCDD kg-Ion GD 15 induces
clefting of die phallus with a mild degree of hypospadias
and a permanent 'thread' of rissue across the opening of
the vagina (Gray and Ostby, 1995; Gray et aI., I 997b). The
lower dosage levels of TCDD result in fetal concentrarions
of about 10 ppt TCDD (Hurst et aI., 1998). Female progeny,
b'eated earlier in pregnancy with I ~g TCDD kg-I, dis-
played reduced fecundity, a high incidence of constant
estrous, and cysric endometrial hyperplasia at middle-age.
One question that needs to be addressed js whether TCDD
is a 'transplacental' carcinogen. To date, we have observed
two rare carcinomas in aging female rats exposed to
TCDD in utero, with a single case each of a rare uterine
and ovarian carcinoma. Female hamsters, treated on day
II of gestarion with 2 JLg TCDD kg-I, also display
clitoric clefting and reduced fertjlity, but they do not
display the vagjna1 'thread. '

Putative Androgenic Effects of PCB 169. an Ah Receptor

Agonist
Exposure to Ah receptor agonists such as TCDD, PCBs,
and polychlorinated djbenzoflD'ans (PCDFs) is causally
linked to developmental/reproductive toxicity in humans,
primates, rodents, mink. fish, and other wildlife species
(Golub et aI.. 1991; Bjerke and Peterson, 1994; Bjerke et
aI., 1994a,b; Gray and Ostby, 1995; Gray et al., 1995a,
1997a,b; Ankley and Giesy, 1998; Giesy and Snyder,
1998). In utero exposure to a mi~ ofPCBjPCDFs in
1978-1979 in Taiwan resulted in 'Yu Cheng' illness in
children characterized by hyperpigmentation, nail deformi-
ties, and poorer cognitive and behavioral development (Lai
et al., 1994), and males had a shorter penis at 11-14 years
of age (Guo et aI., 1993). TCDD, and other toxicants with
similar structure, bind with high affinity to an intracellular
steroid hormone-like receptor, termed the Ah receptor,
forming a complex that acts as a transcriptional factor by
binding to specific dioxin response elements on specific
genes. Some, if not all, of the toxicity of TCDD appear to

The PCB congener 169 is an Ah receptor agonist with a
toxic equivalency factor of about 0.001. Administration of
this congener on GD 1 at 1.8 mg kg-I reduces fertility in
the offspring (Smits-van Prooije et al., 1993). However, a
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detailed examination of the reproductive system was not
included in the original study. In this regard. the present
experiment was designed to determine if PCB 169 treat-
ment during pregnancy alters reproductive development of
LE hooded male and female rats and, if so, whether the
profile of reproductive effects is similar to that produced
by TCDD and whether some of the androgen sensitive
tissues (AGD, nipples, areolas) are altered.

ing water at relatively low dosage levels (Jackson, 1973).
The present study was designed to evaluate the effect of
EDS on fetal and neonatal rat sexual differentiation. We
hypothesized that if EDS was cytotoxic to fetal Leydig
cells, then the male offspring would display reduced AGD
and other antiandrogenic effects.

General methods
SIS (Steroidogenic-Inhibiting Substances): Ketoconazo/e
Interaction with the AR is only .one of many mechanisms
of antiandrogenic action. Chemicals also can disrupt the
hormonal regulation of reproduction by inhibiting the syn-
thesis of the steroid hormones. Goldman et aL (1976)
produced male pseudohermaphroditism in rats with in-
hibitors of steroid 17a-hydroxylase and C17-20 lyase. In
this regard, several classes of fungicides disrupt fungal
growth and mammalian steroidogenesis by blocking en-
zymes in the sterol/steroidogenic pathway. In fact, several
of these' fungicides' are of sufficient potency that they are
used to control endocrinopathies in humans. For these
chemicals, the profiles of effects vary greatly, depending
on which e~e in the pathway is most affected. The
fungicide, fenarimol, has a pronounced effect on estradiol
synthesis, resulting in a loss of male mating behavior and
delays in parturition (Gray and Ostby, 1998).

Animals
Pregnant LE hooded and SD rats were purchased from
Charles River Breeding Laboratory, Raleigh NC, on day 2
of gestation and were housed individually in clear plastic
cages (20 cm X 2 cm X 547 cm) with heat- treated (to
eliminate resins that induce liver enzymes) laboratory-grade
pine shavings (Northeastern Products, Warrensburg, NY)
as bedding. Animals were maintained on a special diet
during gestation and lactation (Purina Chow 5008), after
which the pups were switched to Purina Rat Chow (5001)
and tap water ad libitum. They were kept in a room with a
14:10 hour photoperiod (L/D, lights off at 1100 EST), a
temperature of 20-24°C, arid a relative humidity of 40-
50%. Maternal/pup viability and growth were monitored
throughout the experiments.

Ketoconazole is a well-studied drug that blocks fungal
growth and T synthesis in humans and rodents by inhi~it-
ing the activity of cytochrome P-450 enzymes. Schunneyer
and Nieschlag (1984) demonstrated that ketoconazole and
other imidazole fimgicides inhibited T production in males,
while Pepper et al. (1990) reported that ketoconazole was
useful in the treatment of ovarian hyperandrogenism in
women.

Multigenerational Studies
The multigenerational studies presented here on L and
DBP were conducted using a modified Alternative Repro-
ductive Test protocol developed in our laboratory (Gray et
al., 1988, 1989, 1990; Zenick et aI., 1994) using LE
Hooded rats. In this protocol, the PO generation is exposed
by daily gavage from weaning, through puberty, young
adulthood, mating, and lactation. FI pups are evaluated
through mating, but they are exposed only via the dam
during gestation and lactation. In these studies, 21-day old
pups (the PO) are assi~ed to treatments in a manner that
provides them with equal means and variances in body
weight. Treatment groups typically consist of 16-24 ani-
mals (8-12 of each sex). Treatments are initiated at wean-
ing (day 21) by gavage (5 ~l of com oil [g bodyweight]-I)
on a mg kg-I day-I basis. As the animals grow, the
volume administered is reduced to 2.5 ~l (g body
weight)-I. This dosing regimen includes twice weekly
dose adjustments based on weight changes throughout the
study. In PO females, dosing is continued through postpar-
tum day 20, while males are dosed daily from weaning
until necropsy. In the L multigenerational study, both male
and female rats from the PO generation were treated with o
(n = 12/sex), 1O, 20, or 40 mg L kg-I day-l (n = 8
sex - I in each L group) and were mated with similarly

treated animals to generate the Fl. In DBP studies, both
male and femaIerats were dosed with DBP 00-12 sex-I
group-1). In the first DBP study, dosage levels ofO, 250,

Ethane Dimethone Sulphonate (EDS)
Ethane-l,2-dimethane sulfonate is an alkylating sulfonic
acid ester that selectively kills adult and fetal populations
of Leydig cells in the rat testis (Bartlett et aI., 1986; Kerr
et al., 1987; Morris et aI., 1988a; Zaidi et al., 1988). The
temporal endocrine and histological changes, ranging from
a few hours after injection to 70 days after ED.S treatment
at 75 to 100 mg kg-I, have been thoroughly descn"bed for
the adult male rat (Edwards et aI., 1970; Bartlett et al.,
1986; Morris et aI., 1986; Drummond et al., 1988; Morris
et al., 1988b; Gray et al., 1 995b). In the rat, serum T levels
begin to fall by 6 to 24 h after dosing, and by 9 to 10 days,
T is undetectable. At this latter time, Leydig cells are
absent from the testis of the adult rat, T levels are unde-
tectable in the serum, interstitial fluid and seminiferous
tubular fluid of the testis are reduced, and, consequently,
spermatogenesis and fertility are reduced. EDS also is
effective when administered orally by gavage or in drink-
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500, and 1000 (males only at 1000) mg kg-I day-I were
used, while other DBP studies dosed with 0 and 500 mg
kg-I day-lor 0 and 1000 mg kg-I day-I. When the PO
DBP animals were mated to produce the FI, treated ani-
mals were paired with untreated controls. These dosage
levels were selected because our previous pilot study
found that treatment with 1000 mg kg - 1 day - I results in

total infertility in both male and female rats in the PO
generation.

and at I 0-13 days of age, and offsprings were examined
(in a blinded manner) for areolas (dark focal areaS lacking
hair in the appropriate anatomical region are scored as
areolas) with and without a nipple bud. The examination of
'nipples' in these experiments typically used a dissecting
scope to contino the presence of a 'bud' within the areola.
At 28 days of age, male pups were weaned and housed in
groups of two or three with litter mates, and from 35 days
on, each male was examined for preputial separation (an
index of puberty). After puberty, males were examined for
external malformations, and during adulthood, the aniJnals
were necropsied and reproductive tissues evaluated.

These multigenerational studies include detennination of
the age of puberty in PO male and female rats, estrous
cyclicity, and fertility, and the reproductive system is
evaluated at necropsy (for detailed methods, see Gray et
al., 1988, ]989, 1990; Zenick et aI., 1994). When the PO
males are necropsied, serum is collected for honnonal
analyses, organ weights are determined (body, testes, liver,
kidney, adrenal, seminal vesicle plus coagulating glands
with fluids, epididymis, and pituitary), and testicular his-
tology, cauda ePididymal spenn, and testicular sonication-
resistant spennatid head numbers are examined. When the
FI rat pups reach 25 days of age, the PO dams are
euthanized using CO2 and necropsied for detennination of
body, liver, kidney, adrenal, pituitary, and ovary weights
and the number of implantation scars.

Transgenerdtiona/ Experiment One: Linuron, DBP, DEHP,
Ch/ozo/inate, and Iprodione
Linuron (lot no. 225, ] 00% technical grade) was acquired
from Dupont Chemical. Laboratory grade com oil was the
vehicle, with L (in 2.5 ~l of com oil [g body weight]-I)
being administered by gavage at 0 or 100 mg kg-I day-I
from day 14 to ]8 of pregnancy. DBP (lot no. ]09F0386,
99.8% purity) and DEHP (lot no. ]06H3487, > 990/0
purity) were both obtained from Sigma Chemical. DBP
(500 mg kg-I day-I) was given during pregnancy day
16-19 ill one study, while DBP (500 mg kg-I day-I) and
DEHP (750 mg kg-I day-I) were given from day ]4.of
pregnancy to day 3 of lactation in another study. The two
dicarboximide fungicides, chlozolinate (lot no. 05072, 98%
purity) and iprodione (lot no. 30500, > 99% purity), were
both purchased ftom Riedel-de Haen and were adminis-
tered at ]00 mg kg-I day-I from GD 14 to day 3 of
lactation. All the doses administered included daily adjust-
ments based on individual maternal weight changes
throughout the dosing period.

Litter sizes and weights of the Fl are taken throughout the
study. After puberty, Fl male and female rats (exposed
only indirectly via the dam during gestation and lactation)
are randomly selected from the highest dose with sufficient
numbers of surviving pups for fertility assessment under
continuous mating conditions (n = 16 group-1 sex-I). F2
pups are counted and removed at birth. All surplus Fl
animals are necropsied and examined for malformations
after determination of the age of puberty. After termination
of the breeding phase of the study, the F 1 rats are necrop-
sied, as were the PO generation rats.

This first study used 50 pregnant SD dams, being ran-
domly assigned (in a manner that provided equal means
and distributions in maternal weight) to one of six treat-
ment groups (control, n = 10; L, n - 8; DBP, n = 8;
DEHP, n - 8; chlozolinate, n = 8; and iprodione, n = 8).

At about 5 months o(age, males were killed by decapita-
tion within 15 s of removal from the home cage in a
separate room during the dark phase of the animal's daily
cycle. The ventral surface of each male waS shaved and
examined for abnormalities, including the number and
location of retained nipples, cleft phallus, vaginal pouch,
and hypospadias. The animals were examined internally
for ectopic or atrophic testes; agenesis of the gubernacu-
lum, epididymides, sex accessory glands, and ventral
prostate; epididymal granulomas; hydronephrosis; and en-
larged bladder with stones. Weights measured included
body, pituitary, adrenal, kidney, liver, ventral prostate,
seminal vesicle (with coagulating gland and fluid), testis,
and epididymis. Testicular, epididymal, and sex accessory
tissues were taken for ongoing histological evaluation, and,

In these multigenerationaI studies, we did not examine
some of the variables that we now know to be exquisitely
sensitive to antiandrogenic action (AGD, areolas, or nip-
ples). In this regard, the shorter-tenn transgenerational
studies were designed to determine if administration of L
or DBP during sexual differentiation exhibited antiandro-
genic activity at dosage levels that are not overtly toxic to
the animals (Khera and Ruddick, 1973; Ema et aI., 1994).

Transgenerational Studies (In Utero or Perinatal Dosing)
For the transgenerational toxicology studies, dams were
dosed only with the chemicals during gestation (starting
after implantation or later during fetal sexual differentia-
tion) and lactation. The offspring and the sire were not
exposed to the chemicals directly. Typically, pup body
weight and AGD were measured at postnatal day (PND) 2

ToxicoloKJ' and Industrial Hell/th (1999) IS(I) 99



in some cases, tissue was taken to confirm the presence of
retained nipples in male offspring. Tissues were placed in
Bouin's fixative for 24 h, after which they were rinsed and
stored in 700/0 alcohol, embedded in paraffin, stained with
hematoxylin and eosin, and were sent to Experimental
Pathology Laboratories (Research Triangle Park, NC) for
examination of histopathological lesions. In a second study,
conducted as above with LE Hooded rats, DBP or the
vehicle were administered by gavage at 500 mg kg-I
day-l from GD 16-19 with five treated and seven control
litters (all males per litter were examined),

toxylin and eosin, and were sent to Experimentaf Pathol-
ogy Laboratories, Inc. (Research Triangle Park. NC) for
examination of histopathological lesions.

Transgenerational Experiment Four: Ketoconazole
A study was conducted to detemline if this compound
demasculinized male LE hooded rat offspring as a conse-
quence of the inhibition of fetal male T synthesis. Pregnant
LE hooded dams (seven to eight per group) were dosed
with ketoconazole at 0, 12.5, 25, and 50 mg kg-J day-I
from day 14 of pregnancy to day 3 of lactation. Previously,
it was detennined that administration of ketoconazole at100 mg kg - I day - I resulted in interruption of pregnancy

in all treated females within a few days. In this experi-
ment, male offspririg were necropsied at about 5 months of
age. Due to the lack of effect of ketoconazole on any
variable measured in this experiment, reproductive tissues
were not examined for histological alterations.

Transgenerational EXperiment ~o: Procymidone and
p.p'-DDE
Pregnant LE hooded rats were treated with either P at 100
mg kg-I day-I from GD 14 to PND 3 (Riedel-de Haen,
lot no. 72480, 99% purity, in laboratory grade com oil,
Sigma Chemical), p,p'-DDE at 100 mg kg- I day- I from

GD 14-18 (J~sen Phannaceutical, lot no. 10230AZ,
> 99% purity), or the vehicle (n = 8jgroup). Procymi-
done was administered at a suspension that was stirred
continuously while the rats were being dosed. Offsprings
were examined as described earlier. Males were necropsied
at about 15 months .of age to attempt to replicate the
observed inflammation of the prostate seen by Ostby et at.
(this issue) in middle-aged males. Selected reproductive
tissues (ventral prostate and seminal vesicles) were placed
in Bouin's fixative for 24 h, after which they were rinsed
and stored in 700/0 alcohol, embedded in paraffin, stained
with hematoxylin and eosin, and were sent to Experimental
Pathology Laboratories, Inc. (Research Triangle Park, NC)
for examination of histopathological lesions. We also re-
peated the p,p'-DDE study with SD rats (n = 9 controls
and 11 treated dams). SD male offspring were necropsied
at about 10 months of age.

Transgenerationa/ Experiment Five: EDS
Ethane dimethane sulphonate specifically kills Leydig cells
in adult male rats when administered by injection. It has
been reported that oral treatment is effective as well
(Jackson, 1973). In addition. several publications have
demonstrated that EDS destroys fetal populations of Ley-
dig cells postnatally (Morris et al., 1988a; Zaidi et aI.,
1988). The current experiment was designed to detennine
if oral perinatal maternal treatment with EDS would de-
masculinize male rat offspring. In this regard. there were
five controls and five LE hooded rats that were treated
with EDS at 50 mg kg-t day- 1 (in water) from day 14 to

21 of pregnancy. Treatment was terminated at day 21 of
gestation because the EDS-treated dams not only failed to
gain weight normally, their body weight was reduCed as
compared to GD 14 body weight.

Transgenerational Experiment Three: PCB J 69
Pregnant LE hooded rats (nine dams per group) were
treated once by gavage with PCB 169 (Crescent Chemical,
lot no. 940214, 99.5% purity) at 1.8 mg kg-Ion GD 8.
This dosing regime is similar to that used by Smits-van
Prooije et al. (1993) and exposes the developing embryos
and fetuses over the entire period of gestation due to the
long half-life of this congener in the rat. In addition, we
have found (Gray and Ostby, 1995; Gray et al., I 995a) that
dosing at this stage of pregnancy with TCDD alters repro-
ductive development in both male and female LE hooded
rats. In this experiment, AGD was measured on 3-day-old
pups, whereas our other studies examined this endpoint at
day 2, and males were necropsied at 18-20 months of age.
Selected reproductive tissues (epididymis, dorsolateral
prostate, and ventral prostate) were placed in Bouin' s
fixative for 24 h, after which they were rinsed and stored
in 700/0 alcohol, embedded in paraffin, stained with nema-

Uterotropic StudY To De/ermine the Estrogenic Potential
of DBP and Other Xenobiotics
Although some investigators have suggested that DBP
(Job ling et al., 1995) is estrogenic in vitro, this endocrine
activity has not been confinned in vivo. In this experiment,
we exposed adult ovariectomized female rats to estradiol
benzoate (10 ~g, s.c.) and DBP (200 and 400 mg kg-I
day-I, s.c. and 1000 mg kg- I day- I orally). For compari-

son, several known xenoestrogens, octylphenol (200 mg

kg-I day-l,s.c.),bisphenoIA(200mgkg-1 day-I,S.C.),
and methoxychlor (200 and 400mg kg-I day-I, s.c. and
orally), were also tested for estrogenic activity. In this 3
day assay, females were injected s.c. with the treatments
on the morning of the first 2 days, which was followed by
0.5 mg progesterone s.c. on morning of the third day. In
this protocol (Gray and Ostby, 1998), estrogenic com-
pounds induce a uterotropic response and lordosis behavior
(when paired with a sexually active stud male rat during

100 Toxicology and Industrial Health (1999) 15(1)
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I-test, appropriate for a priori hypotheses based on known
effects of antiandrogenic chemicals or PCBs on sexual
differentiation). Categorical data were analyzed using
Fisher's exact test; For the uterotropic study, data were
analyzed after log transfonnation to conect for heterogene-
ity of variance using an ANOV A model on PROC GLM.
When the overall ANOV A was significant (p < 0.05),
then LSMEANS (appropriate for a priori hypotheses based
on the expectation that a xenoestrogen will increase uterine
weight and the display of lordosis behavior) was used to

compare individual treatments to the control group.

the dark phase of the animals activity cy<;le 6-8 h after
progesterone injection>. For lordosis behavior, the ratio of
lordosis responses to mounting was calculated (termed the
lordosis quotient). Following the behavioral observation,
females were euthanized with CO2 and necropsied, and the
uterus was trimmed of mesenteric fat and weighed with
and without lumenal fluid. The study was conducted in a
series of incomplete blocks with six animals in most
treatment groups. As each block contained both an estra-
diol-positive control and a vehicle (com oil)-injected c0n-
trol, these two groups have a 1arger sample size.

Linuron result:Statistical Analyses
For multigenerational studies of Land DBP, parametric
data were analyzed using a one-way analysis of variance
(ANDV A) model on General Linear Models Procedure
(PRDC GLM) from the Statistical Analysis System (SAS),
available on the EPA IBM mainframe computer. For statis-
tical purposes, analysis of PO data used the numbers of
individuals as the experimental unit, while data from the
F I offspring used the numbers of litters, not the numbers
of pups, as the experimental unit. For the transgenerational
studies. analyses of FI offspring data also used the num-
bers of litters as the experimental unit. Hence, AGD,
growth, pubertal. and necropsy data were analyzed by
ANDV A on PROC GLM using litter mean values rather
than individual values. When the overall ANDV A was
significant (p < 0.05), then LSMEANS were used to com-
pare individual treatments to the control group (a two-tailed

In the multigenerational study, subchronic L administration
from weaning through puberty, breeding, and lactation in
LE hooded rats was without significant effect on any
serom honnone concentration in the PO generation (data
not shown). Linuron treatment did not induce endocrine
changes that arc typically seen with anti-androgens like
flutamide and V, which produce elevated serum LH and T
levels. However, some reproductive alterations were de-
tected in our study that could have been mediated by
antagonism of androgen-AR funotjon. Seminal vesicle and
cauda epididymal weights (Figure I) and the age at pu-
berty (Figure 2) were reduced or delayed in PO male rats
(directly exposed by gavage), all of which arc andmgen-
dependent variables, by treatment with L at 40 mg kg-I
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Figare 1. When linuron was administered orally in oil at 0, 10,20, or 40 mg ka-1 day-I for 80 days starting at weaning, treatment did not alter body,
liver, or paiRd adrenal weights. Seminal vesicle and cauda epididymal weights - sisniflcandy reduced (p < 0.05 by a ,-test, but not ANOV A) in ~
LE hooded rats. Cauda epididymal spenn num~ were reduced, but this effect was not statistically signifICant The white stacked ban represent the SE of
the means. The &Chlal IJIC8DS and SEs also are displayed in the sec<XId Ind thitd rows of the table below the figure. The dose 8fOUP is Jiven in the top row

of the table. The num~ in the SE bar are the numbers of animals in cach group.
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Dose of Llnuron (mg/kg/d)

Age at Puberty (Preputial Separation)

S)

45

40

35

~

I

Figure 2. Orallinuron treatment for 80 days, starting at weaning (0, 10, 20, or 40 mg kg-I day- I), delayed ~tial separation in LE hooded male rats,
an androgen-dependent index of puberty (top panel). In addition, oral dibutyl phthalate (DBP) tteabnent also delayed puberty. DBP data arc from two
studies. The white stacked bars represent the SE of the means. The actual means and SEs also are displayed in the second and third rows of the table below
the figure. The dose group is given in the top row of the table. . indicates p < 0.05; .. indicates p < 0.01.

day- J. In addition to these subtle reproductive effects,
seen in the PO generation, F] rats, exposed to L in utero
and via milk during lactation, produced fewer pups (65
versus 104,.p < 0.0]) when mated continuously over ]2
breeding cycles (Figure 3), and the male offspring dis-
played reduced testes weight (].40 g::l:O.]O versus ].74
g::l: 0.045, P < 0.004), spermatid numbers (1]8 million::l:
12 versus 140::1: 6.2, p < 0.12), and epididymal weight
(490 mg versus 601 mg, p < 0.0005). Such developmental
reproductive effects are surprising because it has been
reported that (1) L is not teratogenic (Khera et al., 1978);
and (2) there was no indication that the administration of L

in the wet over three generations produced malformations
of the reproductive tract of the male offspring (Hodge et
al., 1968).

In the transgenerational study, administration of L at 100
mg kg-I day-t reduced maternal weight gain in SD rats
by 35 g during the treatment period. However, L did not
cause maternal death. and weight gain from day 18, when
dosing was tenninated, until day 22 was near normal (44 g
in control versus 35 g for the L dams). Pup weight at birth
was reduced by 200/0 by L treatment (p < 0.0001), and
AGD in male offspring, adjusted by ~aIysis of covariance

Toxicology and Industrial He4/th (1999) 15(1)102
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filled, and flaccid. However, males in the L group did not
display testicular agenesis. Androgen-dependent tissues
were pennanently reduced in size, including the seminal
vesicles, ventral prostate, levator ani/bulbocavernosus
muscles. and the epididymides (using weights of tissues
that did not display agenesis). and testes weights also were
reduced (excluding data from animals that display severe

auophy) (Table 1).

for body weight, was also significantly (p < 0.005) re-
duced by about 300/0 (Table 1). The reduction in AGD
produced by L treatment is considerably larger than the
15% reduction in AGD seen in male PU{)s whose body
weight was reduced by 45% as a consequence of EDS
b'eatment. In addition. the incidence of areolas (with and
without nipples) seen in the male offspring as infants was
increased from 00/0 in controls to more than 440/. in the
L-Ueated males, reflecting the inhibition of DHT -induced
regression of nipple anlagen in utero by L. The reduction
in body weight may be endocrine-mediated. Linuron bas
been shown to reduce serum thyroxine and hypothalamic
neuroendocrine levels in adult males b'eated for 4 days at
this dosage level (Rehnberg et al., 1988).

Phthalate (DBP and DEHP) results

In the 3-day uterotropic and sex behavior (lordosis) assay.
with treatments administered for 2 days and followed on
the third day by 0.5 mg progesterone s.c.. DBP treatment
(s.c. at 200 or 400 mg kg-I day-lor by gavage at 1000
mg kg-I day-I) failed to induce estrogenic responses in
either the uterus or the brain (Figure 4). In contrast. the
positive control estradiol (estradiol benzoate. s.c. at 10 ILg
rat -I day- I) and the known xenoestrogens used here
(bisphenol A, octylphenol, and methoxychlor) all induced
positive uterine and behavioral responses. The lordosis
quotient (LQ) is always zero in ovariectomized controls

At necropsy, one male out of 13 from the L group
displayed epispadias (partial hypospadias with the urethral
opening being half way down the phallus). Numerous
epididymal and testicular malformations were noted in the
L group, with more than 500/0 of the male$ displaying
agenesis or atrophy of one or both organs. Epididymal
malformations included agenesis of the caput and/or cor-
pus epididymides, while some testes were atrophic, fluid-
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Figure 4. In contrast to dibutyl phthalate (DBP), xenoestrogen treatments (bisphenoJ A, octylphenol. and oral but not s.c. methoxychlor) stimulated an
incrase in uterine weight and induced -estrogen-dependent sex behavior (lordosis). In this study, female SD rats were ovariectomized for at least 4 weeks,
treated for 2 days with a chemical (n - at least 6 per group), injected with 0.5 mg progesterone on the morning of the third day, and examined for the

display of lordosis behavior elicited by the mounting of a stud male (in the afternoon after lights out). The lordosis quotient (LQ) - the percentage of times

that the females displayed lordosis behavior after being mounted. LQ is typically determined by examining 5- I 0 mounts. After observation of lordosis
behavior, females were necropsied and uterine weight (shown here with fluid) was measured. In this figure, all values greater than 100 mg are statistically
sigoificant. Lordosis behavior is never displayed by females that are not exposed to an estrogenic chemical. Estradiol, octylphenoJ (200 mg kg - I day - I,

s.c.), bispbeool A (200 mg kg-I day-I, s.c.), and methoxychlor (oral at 200 and 400 mg kg-I day-I) increased uterine weight. All of these treatments,
with the exception of methoxychlor at 200 mg kg-I day-I, also induced lordosis behavior. DBP (s.c. 200 and 4OOmg kg-I day-lor oral at 1000 rog
kg-I day-I) did not increase uterine weight or induce lordosis behavior. 'a' indicates p < 0.05, while 'b' refers to p < 0.01.

0

that have not been estrogen treated. Interestingly, s.c.
methoxychlor treatment at 200 and 400 mg kg-I day-I
was negative for both measures in this assay while, in
contrast, oral treatment at 400 mg kg- I day-I was effec-
tive.

successfully, but many DBP-treated females (at 500 mg
kg-1 day-I) aborted their litters around midpregnancy.

In the FI offspring, in utero and lactational exposure via
the dam to 250 and 500 mg DBP kg-I day-I induced
reproductive and nonreproductive malformations and re-
duced fecundity of the LE hooded rat offspring (in simi-
larly treated mating pairs under continuous breeding condi-
tions) (Figure 5). Malformations included a low incidence
of hypospadias, testicular nondescent. anophthalmia. uterus
unicornous, and renal agenesis (data not shown). In addi-
tion, Fl-treated males exhibited reduced cauda epididymal
sperm numbers (Figure 5). In the FI, the LOAEL (Iowest-
observed-adverse-effect level) was 250 mg kg - I day- I,

but a NOAEL was not established.

In our multigenerational assessment of the reproduCtive
effects of DBP using the LE hooded rats, daily administra-
tion of 250, 500, and 1000 (males only at this dose) mg
kg-I day- I in the PO generation significantly (p at least

< 0.05) delayed puberty at all dosage levels (Figure 2).
DBP treatment did not accelerate the age at vaginal open-
ing (pseudoprecocious puberty) or induce persistent vagi-
nal cornification (data not shown), effects that are indica-
tive of subchronic estrogen exposure (Gray et aI., 1989,
1997c; Gray and Ostby, 1998). In the PO generations,
dosage levels of 500 and 1000 mg DBP kg~1 day-I
significantly (p < 0.0 I) reduced fertility in both male and
female rats (mated to untreated animals). Infertility in PO
male rats was related to testicular atrophy and reduced
sperm production, while treated females cycled and mated

In the first transgenerational study using DBP, short-tenD
dosing (4 days) with 500 mg DBP kg-I day- I on GD
16-19 reduced AGD in LE hooded male progeny, induced
retained nipples, and pennanently reduced androgen-de-
pendent tissue weights (Table 1).

Toxicolo~ IInd IndllStriai ""lib (1999) lS(l:
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Figure 5. The LE hooded rats were treated by gavage with dibutyl phthalate (DBP) in oil at 250 or 500 mg kg-I day-I from weaning through puberty,
mating, gestation, and lactation (po generation). Their offspring, the FI, produced significantly fewer pups when mated under continuous breeding
conditions over II breeding cycles. In addition, FI-treated males exhibited reduced cauda epididymal sperm numbers. Treated FI male and female rats also
displayed urogenital malfomlations/abnormalities including a low incidence of agenesis of the epididymis, hypospadias, ectopic testis, renal agenesis, and
uterine abnormalities (partial agenesis or lack of implants in one uterine horn). In addition, a few treated animals displayed anophthalmia. In theae two
studies, the FI only received transplacental and lactational DBP exposure. The number of pups/litters is 179/24,76/10, and 20/4 for the control, 250,
and 500 mg DBP kg-I day-I, respectively. An . indicates that p <0.05; .. indicates p < 0.01. For malfonnation data, studies were pooled for
statistical analysis (by chi-square for the pup and Fisher's exact for the litter incidence data). The numbers above the bars in the top right panel are the
numbers of F I breeding pairs in this study. The white stacked bars represent the SE of the means. The dose group is given in the top row of the table,

while means and SEsalso are displayed in the second and third rows of the table below the figures.

developing reproductive system by a mechanism that is
distinct from previously described developmental repro-
ductive toxicants.

In another transgenerational study, we compared the devel-
opmental reproductive toxicity of DBP to DEHP in the SD
rat This study was part of the preceding experiment using
L. In this portion of the experiment, dams were dosed by
gavage from GD 14 to lactational day 3 with DBP at 500
mg kg-I day-lor DEHP (in com oil) at 750 mg kg-I
day-I (approximately equimolar to 500 mg DBP kg-I
day- I). DBP altered sexual differentiation in both si> and
LE hooded rats. The effects were more pronounced in SD
rats exposed for a longer period (12 days) than in LE rats
(4 days). DEHP was considerably more toxic than was
DBP to the reproductive system of the male offspring
(Table 1). DEHP induced high levels of testicular and
epididymal abnormalities, including atrophy and agenesis.
A striking effect of DEHP was noted in 8-day old' pups
(Figure 6). Several males from different litters displayed
hemorrhagic testes that were visible by gross examination
of the inguinal region. Obviously, the testis is a direct
target of DEHP during perinatal life. Testicular alterations
of this nature have not been observed with other 'anti-
androgens,' which indicates that the phthalate affects the

Chlozolinate and iprodione results

Chlozolinate and iprodione did not demasculinize or femi-
nize male pups after exposure to ]00 mg kg-t day-t from
GD 14 to PND 3 (data not shown).

Procymidone results

The P treatment. demasculinized and feminized the male
rat offsprings in a manner nearly identical to that seen with
V (Gray et al., 1994). P-treated male offsprings displayed
reduced AGD, areolas, permanent nipples, reduced sex
accessory gland size, and hypospadias with a vaginal
pouch (Table 2). In this experiment, P was more potent
than p,p'-DDE with respect to the degree of reduction in

Toxicology and Industrial Health (1999) 1S(1)
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during treatment Maternal weight gain was noJDlai in
dams after p,p'-DDE administration was tenninated, and
pup weight at 2 days of age was not significantly reduced
(for the SD rat, controls - 6.92 :t 0.16 g verS1lS DDE
treated - 6.67 :t 0.10 g). SD male rats appeared to be
more affected than did LE hooded males (Table 2). SD rats
displayed hypospadias and increased numbers of retained
nipples as compared to treated LE rats. It is uncertain if
this reflects a tnle strain difference in sensitivity or if it
merely results from experiment to experiment variation.
However, this is the third experiment in which we exposed
LE rats and we have yet to see hypospadias in p,p'-DDE-
treated male LE rat offspring. You et al. (1998) have
studied the effects of p,p'-DDE on the male offspring
using the same protocol as that used here. They also found
that p,p'-DDE induced anti androgenic effects on AGD
and areola development in both LE and SD rat strains.

AGD and sex accessory gland size and the induction of
hypospadias (Table 2). In addition, P induced chronic
active ventral prostatitis and vesiculitis, while p,p' -DDE
did not. Mononuclear cell infilb"ation or the more severe
chronic-active prostatitis (ventral lobe) was present in 47%
(9/19) of the P group, with 36% (6/19) having chronic-
active vesiculitis. This is nearly identical to the 42%
incidence of histological lesions of the ventral prostate of
similarly exposed old male offspring from the 100 mg P
kg-I day-I dosage group in our dose response study with
P (Ostby et al., this issue). Several nipple buds were
histologically confirmed in the P group as well.

p,p'-DDE results

The p,p'-DDE treatment was limited to GD 14-18 be-
cause it reduced maternal weight gain by about 3S g

107TDXiCDio8)' .,... l,...atrial HMlIlI (1999) 15(1)
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FIpre 6. Maternal treabncnt wid! diedlylhexyl phthalate (DEHP) It 750 InI ka-1 day-I from gestational day 14 to 1act8tional day 3 prodUCCI testX:u\8r
abnonnaIities in the offspring. This &-day-old infant Sprague-Dawley male rat displayed discoloration of die left testis that was visible dJrougb the skin.
When necropsied, it wu evident that the testis and the epididymides were hemonbagic. This unusual effect wu seen in several other males from many

litters. The FI only received transplacental and 18I:tational DEHP exposu~.



Table 2. Maternal administration of either 100 mg kg-I day.
of age alters reproductive development of male rat offspring

p,p'.DDE on days J 4- J 8 of gestation or procymidone from day 14 of gestation to 3 days

Long - E VUIS hooded

Control
Sprague-Dawley

DDEDDE ~

2.85 ~ 0.04 (61) 2.69 i 0.06 (42) 2.17 ~ 0.08' (54) 2.76*0.10(49) 2.51 :t 0.088 (83)

7.08 ~ 0.12
0
0
737 ~ 28
00 data
no data
3.79 ~ 0.10
529 ~ 25
1744 ~ 74
DO data

6.7S:tO.21
21 :t 10'
0.74:tO.1S'
710:t 22

3.86 :t 0.08
417:t 23'
1774:t SS

6.92 *' 0.J6
0
0
638 *' 8
112 *' 2.9
33] rc 9.6
3.40 *' 0.08

747 rc 36
2015 *']]
1400 *' 40

6.67:t: 0.10
71 :t: 9.
3.13 :t: 0.5.
613 :t:9
102:t: 1.5.
305 :t: 6.2.
3.42 :t: 0.07

575 :t: 29.
1931 :t: 51
1204:t: 23.

6.72%0.11
100'
3.75 % 0.83'
681 % 27

3.99 % 0.12

233 % 44'
1334 % 204'

Number of litters
(number of males necropsied)
Anogenital distance
(rom) (no males)
Body weight (g) day 2
Percent with areolas
Mean number of retained nipples
Adult body weight (g)
Glans penis (mg)
Cauda epididymis (mg)
Testes (g)
Ventral prostate (MG)
Seminal vesicle (mg)
Levator ani-bulbocavernosus
muscles (mg)
Percent with hypospadias

Epididymides (paired) (mg)
(I) Atrophy, (2) chronic active
prostatitis or focal
mononuclear cell infiltration
Chronic-active vesiculitis

7.8 % 7.8
1260 % 24
no data

0
13S7 % 30
(I) 0/26, (2)1/26

0
1328%36
no data

0 408
1382.i: 29 1353.i:30
(]) 8/278, (2) 0/27 (]) 5/19, (1)9/19"

0/26 0/27 6/19" no data DO data

"Differs significantly from control values.

Table 3. The effects of a single dose (1.8 ma q-l) of PCB 169, an Ah ~ceptor agonist, on gestational day 8 on reproductive development in LE hooded
rat offspring'

Treatment Group

Control PCB 169 (1;8 mlka-1 OD 8)

9
0
8.03 % 0.21

7.67 % 0.22

3.44 .i: 0.06

1.79 % 0.04

0
11% O.OS (p < 0.03).'
83 % 0.07 (p < 0.0002).
100 % 0 (p < 0.04)-
50.2 %3.1 (p < 0.04)-
227 % 9.3
30.3 ~ 0.15
93.6 .i: 6.6
72.3.i: 15-
55.6 % 13.9-

NumberofJitten
Incidence of materna! or neonatal death
Male body weight (g) at day 3
Female body weight (g) at day 3
Male anogenitaJ distance at day 3 (mm)
Female anogenital distance at day 3 (mm)
Incidence of areolas (with or without nipples) in infant males
Litter mean percent eye opening: at 14 days of age
At IS days of age
At 16 days of age
Age at puberty in males (days)
Weight at puberty in males (g)
Age at puberty in females (days)
Weight at puberty in females (g)
Percentage of females with a ~ient vaginal thread
Percentage of females with a pennanent vaginal thread

0
0
1.37 :t9,01
10.27 :t 0.30

0
100.8 :t9.4

Female necropsy dQt~
Percentage of those with mild hypospadias
Percentage of those with cleft phallus
Size of the urethral slit (rom)
Distance from urethral to vaginal opening (mm)
Percentage of those with ovarian atrophy
Ovarian weight

57.
36.
2.87 I 0.24
8.37 I 0.38
14
89.8 I 11.5

iver, kidney, adrenal, and pituitary
.PCB 169 treatment did not affect maternal or neonatal body size or Viability (data not shown).
bprenataJ PCB 169 treatment alters the external genitalia, measured in 70-day old female offspring. Body, brain,
weights were unaffected (data not shown).
'Indicates that the value differs significantly from control value by at least p < 0.05.

108 Toxicology and IndllStrilli H6IIltlI (1999) 15(1)



Putative antiandrogenic effects of PCB 169, an Ab
receptor agonist

blance to that seen in animals exposed to known anti-
androgens. The fact that PCB] 69 treatment fails to reduce
AGD and induce areolas, retained nipples, and male hy-
pospadias, hallmarks of antiandrogenic action, at a dosage
level that produces significant reproductive toxicity sug-
gests that the Ah receptor agonists should not be consid-
ered 'anti-androgens', unless it can be shown that the
mechanism of action involves alterations in androgen or
AR levels or AR-DNA binding. The fact that a compound
alters an androgen-dependent tissue does not necessarily
indicate that it is anti androgenic, because many other
growth factors (i.e., epidennal growth factor) and hor-
mones (i.e., prolactin, thyroid, and growth honnones) also
are required for maximal development of these tissues. In
addition. PCB ]69 and TCDD induce many effects that are
clearly unrelated to androgen action (eye opening, and
female effects like cleft phallus and vaginal threads).

The profile of effects seen in PCB 169-treated offspring is
similar to that produced by exposure to TCDD at 1 ~g
kg-Ion day 15 of pregnancy. However, the effects in the
PCB 169 male are more pronounced than what we saw in
our TCDD-treated animals. Similar to TCDD treatment,
PCB 169 treatment accelerated the age at eye opening and
induced vaginal threads and mild hypospadias (urethral
opening separat~ from the vaginal canal with cleft phallus)
in female offspring, without reducing AGD or inducing
areolas or nipples in males (Table 3). In TCDD-treated
males, reductions in ventral prostate, seminal vesicle, and
testis size are displayed during peripubertal life (49-63
days of age) but they are attenuated with age (Gray et al.,
1 997a). In this regard. these organs were more affected in
PCB 169-treated males at 65 days of age than in middle-
aged males (Table 4). This general delay in development
of all reproductive events during puberty (sex accessory
growth, onset of spermatogenesis, preputial separation)
raises the possibility that these effects arise from altered
hypothalamic-pituitary maturation rather than from direct
effects of PCB on the reproductive tract tissues them-
selve.s. As compared to males exposed on GD 8 to 1 ~g
TCDD kg-I, PCB 169 treatment had less effect on growth
and viability during lactation but greater effect on the male
reproductive system.

In the preceding experiment, we found that males exposed
to P during perinatal life had increased incidences of
prostatitis and vesiculitis. Here, we report that in utero
exposure to an Ab receptor agonist also can increase the
incidence of prostatitis in the dorsolateral lobe of the
prostate in 600-day-old male rats from 2/15 in controls to
7/10 in the treated males (p < 0.05) (Table 4). Also, the
epididymis of the treated males displayed a nonsignificant
increase in the incidence of chronic focal inflammation
[6/10 versus 4/15 in controls (p < 0.15)], and males
displayed diffuse epithelial hypertrophy of the ventral
prostate (1/9 versus 0/15 in control males).

It is evident that the profile of effects seen in PCB
169-treated male and female offspring bears little resem-

Table 4. The effects of admjnistrauon of PCB 169 (a single dose of 1.8 mg kg-Ion gestational day 8). an Ah receptor agonist, on the reproductive
development of pubertal (one male per litter necropsied) and adult male LE hooded rat offspring (all surviving maJes necropsied)

Control males

(65-dayold)

PCB 169 males

(65-day old)
Control males
(adult)

PCB 169 males
(adult)

118.% 3S; p < 0.0007"
622 .%13; p < O.OOS"
2.S3 .%0.38; p < O.OSS"
SO6.% 71; P < 0.03"
89.% 13.2; p < 0.01S"
31.0.% 8.9; p < 0.002"

ISI.%30;p<0.OS"
no data
no data
no data
no data
0
8(8)
0

Ventral prostates (mg) 292 ~ IS
Seminal vesicles (mg) 1163 ~ 66
Testes (g) 3.38 ~ 0.07
Epididymides (mg) . 699 ~ 2S

Cauda Epididymides (mg) 13S ~ 7.9
Epididymal SpenD count X 10' 71.5 ~ 4.1
Testis spemlatid count X 10' 221 ~ S.9
Caudal spenn count X 10' no data
Feftjlity no data
Acute prostatitis: dorsolateral prostate no data
Ejaculated spenD count X 10' no data
Percentage of hypospadias 0
Number of litters (Males) 7(7)
Percentage of those with permanent nipples 0

576 %44
1647 % 121

3.92 % 0.09

1390 %46
314 % 13
277 % 12
259%8
151 % 15
72%
13.3%
135%20
0
6(19)
0

357 ~ 35; P < 0.005.
1283~188;p<0.12
3.37 ~ 0.27; P < 0.07
1207 ~ 93; p < 0.09
2%~42;p<0.13
193~30;p<0.03
202 ~ 28; p < 0.065
89 ~ 27; p < 0.06.
46%
70%; P < O.OS.
23 ~ 16; p < 0.005.
0
5(12)
0

'Values differ significantly from the control by liner mcans analysis.
At 65 days of age body, liver, brain, kidney, pituitary, and adrenal weights did not differ between the control and treated groups (data not shown). The
adult male data are from animals necropsied at 260 and 600 days of age. The male necropsy at 600 days of age included three males from two PCB 169
litters, weighing 321, 433, and 479 g and displaying reductions of greater than 500/. of testis, ventral prostate, and seminal vesicle weights. However, no
males exhibited any malformations.
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Table 5. The effects of administration of ketoconazole, a chemical that inhibits steroid honnone synthesis, from day 14 of pregnancy to day 3 of lactation
on pregnancy and reproductive development of male LE hooded rat offspring-

0: I2.S 25 50
.
.
8
0
7
13.6:t 1.1 (8)
3..14:t 0.08 (7)

7
6
0'
2
I'
8.0(1>
3.49 U)

8
7
6
0
6
10.1~1.7(7)
3.44 ~ 0.13 (6)

8
7
2'
1
3"
7.1 %2.2(7)'
3.13;t:O.16(S)

Number of dams treated
Number pregnant
Number of dams delivering on time
Number of maternal deaths at term
Number of pregnant darns with viable Jitte~ to day 4
Litter size at day 2
Male anogenitaJ distance (mm) on day 2

8(32)
572

18.7

3.47

43.4

3.78

448

1.80

1329

0

0

6 (29)
589
18.7
3.62
49.6
3.91
479
1.81
1344
0
0

3 (I J)

557

17.6

3.20

41.8

3.74

407

1.74

1343

0

0

.1 (1)
552
18.6
3.32
37.2
3.26 (p < 0.07)
558
i.40 (p < 0.03)
JJ34(p<Q.09)0 .

0

Male offspring necropsy dolo
Sample size litters (males)

Body weight (g)
Liver weight (g)

Kidney weight (g)
Adrcnal weight (mg)
Testes weight (g)
Ventral prostate weight (mg)
Seminal vesicle weight (mg)

Epididymal weight (mg)
Incidence of male reproductive ~ malfonnations
Number of retained nipples

.Differs significantly from control yalues.
.Probabilities listed for male offspring at 50 mg q-1 day-I are (-statistic values; in no case was the overall ANDY A significant for necropsy data.

Litter Size at Two days of AgePercentage of Dams Delivering Late
18

**
100 14

100

80

*
~ 57.1

40

20
14.3

0: I 1? F- I 25 50 100 I

~0
0 12.5 25 50

Dose of Ketoconazole (mg/kg/d) Dose of Ketoconazole (mglkg/d)

Figure 7. Ketoconazole was administered orally in oil at 12.5, 25, or 50 mg kg-I day-I from gestationaJ day 14 to postnatal day 3. The 1.00 mg
kctoconazole kg-I day-I group was only treated from days 14-18 of gestation. Kctoconazole treatment at 25 and 50 mg kg-I day-I delayed or
prevented parturition, resulting in some maternal and extensive neonatal mortality, presumably from an inhibition of ovarian honnone synthesis. In an
earlier study, treatment with keloconBZole at 100 mg kg-I day-I caused all of the females to abort during midprcgnancywithin a few days of the
initiation of treatment. Litter sizes at birth were reduced by ketoconazole treatment at 25, 50, and 100 mg kg- I day-I. Male offspring from the 12.5 and
25 mg kg-I day- I groups were not demasculinized or feminized.
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controls versus 9.7 for the EDS group (n - 3). Body
weight was significantly reduced by 45%, from 6.21 g in
controls to 3.4 g (p < 0.01), by EDS treatment. In con-
trast, AGD development was spared as compared to gen-
eral somatic growth, being reduced by only 13.1% from
3.09 rom (control males) to 2.68 rom (EDS males). Appar-
ently, the physiological alterations associated with ED8-in-
duced maternal toxicity and ~ed pup growth and via-
bility did not include an equiValent inhibition of testicular
T production or the conversion of T to DHT in the
anogenital area. It is Useful to note that calculation of the
AGD Index (AGD /body weight) acS advocated by some in
the field, would incorrectly imply that the EDS males were
masculinized by EDS treatment. AGD Index was increased
by 58% from 0.497 in controls to 0.788 in the EDS-treated
group. These results clearly demonstrate that general ma-
ternal and neonatal toxicity do not result in demasculiniza-

tion of AGD.

Ketoconazole results

Administration of ketoconazole during pregnancy in the rat
at 100 mg kg- I day-I leads to reduced maternal weight
gain and whole litter loss within a few days of the initia-
tion of treatment on day 14 of pregnancy. These effects are
consistent with the ability of this fungicide to inhibit
progesterone synthesis. In the current study, ketocOnazole
treatment delayed the onset of parturition by as much as 3
days and reduced the numbers of live pups at all dosage
levels, being statistically significant at 25 and 50 but not
12.5 mg kg-I day- I (Table 5; Figure 7). This suggests
that ketoconazole inhibits the synthesis of estradiol near-
term, possibly by inhibiting aromatase activity (another
cytochrome P-450). The fungicide, fenarimol, is known to
inhibit aromatase activity in vitro and it also delays deliv-
ery and induces maternal death (Gray and Ostby, 1998).
Our postnatal data indicate that T synthesis in the fetal
male is not inhibited at these dosage levels. Male pups did
not display an indication of being detnasculinized or femi-
nized by ketoconazole treattnent (Table 5). As the speci-
ficity for different cytochrome P-4S0 enzymes in the steroid
pathway varies from compound to compound, it is impos-
sible to generalize about the sensitivity of pregnancy,
parturition, and sexual differentiation to disruption by these

fungicides.

Discussion

Art analysis of the data in these studies indicates that the
chemicals included in our investigation can be clustered
into three or four distinct groups based on the resulting
profiles of reproductive effects (Table 6). Vinclozolin, P,
and DDE, known AR ligands, produce similar profiles of
toxicity, however, p,p'-DDE is less potent in this regard.
While V and P produce a typical 'flutamide-like' profile
(ventral prostate agenesis and undescended testes), p,p'-
DDE produces a profile that resembles that obtained with
either low dosage levels of V, P, or flutamide or an
inhibitor of DHT synthesis. DBP and DEHP, which do not
appear to be AR ligands, produce profiles distinct from the
AR antagonists. Our results are consistent with those of
Mylchreest et'81. (1998); male offspring display a higher
incidence of epididymal and testicular lesions than gener-
ally seen with flutamide, P, or V even at high dosage
levels (Figure 8). L, an AR ligand. produced a profile that
we found to be most surprising. L treatment induced a
level of external effects consistent with its low affinity for
AR (reduced AGD and nipples and a low incidence of
hypospadias); however, L treatment induced an unantici-
pated degree of malformed epididymides and testicular

Ethane dimethane sulphonate (EDS) results

The current experiment was designed to detennine if oral
perinatal maternal treatment with EDS would demasculin-
ize male rat offspring. Treatment was tenninated at day 21
of gestation because the EDS-treated dams' bOdy weights
were re~uced compared to their body weights on the 14th
day of pregnancy, while contrOl dams had gained over 60
g each over the same period of gestation. One EDS-treated
dam delivered seven dead pups and then died on day 3 of
lactation. Another dam was unable to deliver her entire
litter and was euthanized on day 3 of lactation. Three
litters contained live pups on day I when AGD was
measured, however, none of these pups survived to 4 days
of age. The numbers of pups born live did not differ
significantly between the groupS, being 11.4 (n - 5) for

Toxicology and Industrial Health (1999) 15(1)
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pups are not necessarily demasculinized or feminized.
Ketoconazole-b"eated males pups had normal AGD, they
lacked areolas or retained nipples, and did not display
malformations of androgen-dependent tissues.

an-ophy. In fact, the profile of effects induced by L was
quite similar to that seen with DBP. Both L and DBP
display antiandrogenic activity but only L appears to be an
AR antagonist. These results suggest that L may display
several mechanisms of endocrine toxicity, one of which
involves AR binding.

Comparison of the effects of developmental reproduc-
tive toxicants using a pseudohermaphroditism index
(pm)

Several of the chemicals studied here produced some fonn
ofmatemal or neonatal toxicity, including EDS, ketocona-
zole, p,p'-DDE, and L. The EDS data indicate that ex-
treme reductions in health and size of the neonates are
accompanied by a lesser effect on AGD. The ketoconazole
results demonstrate that even when a compound produces
maternal toxicity and delays parturition, surviving male

In an earlier study (Gray et al., this issue), we created a
descriptive variable tenDed the 'pseudohennaphroditism
index' in order to visualize the dose-related effects of V

B Pseudohermaphroditism Index
T -dependent tissues, Fema/e=300

A. Pseudohennaphroditism Index
T and DHT dependent Tissues, Female=900

C. Pseudohermaphroditism Index
DHT -dependent TIssues, Fema/e=600

D. Pseudohermaphroditism Index
Total PHI - % Female T or DHT PHls- °1. Female
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across multiple reproductive tissues (Figure 9). This index
combines the degree of feminization/demasculinization
attained by V treatment on several androgen-dependent
tissues (AGD, areolas, retained nipples, ventral prostate
weight, seminal vesicle weight, percent with hypospadias,
percent with testicular ectopia. percent with vaginal pouch,
and percent with epididymal agenesis) at each dosage
level. A pm score of zero indicates that the group has a
male phenotype with respect to androgen-dependent tis-
sues, while a PHI score of 900 indicates that the males
were completely feminized and demasculinized by treat-
ment (i.e., the AGD was of female length, all males
displayed ~las, twelve retained nipples, hypospadias, a
vaginal pouch. paired undescended testes, and complete
agenesis of the ventral prostate, seminal vesicle, and epi-
didymis). In other words, a group of males with a pm
score of 900 would resemble phenotypic females in re-
gards to androgen-dependent tissues. As seen in Figure 9,
male pups exposed to 100 mg V kg- I day-I were about

7001. female-like in their phenotype. DHT -dependent tis-
sues were much more affected than were T -dependent
tissues, being inhibited by 90% versus 25%, respectively.
In .addition, DHT -dependent tissues appeared to be altered
in a linear fashion, while T -dependent tissues displayed a
threshold, being only marginally affected at 50 mg V kg-I
day- I and below. This profile is typical for an AR antago-

nist.

each compound, two PHI scores were calculated. one for
DHT (AGD. areolas. retained nipples, ventral prostate size,
hypospadias, and vaginal pouches) and the other for T -de-
pendent tissues (seminal vesicle, epididymal. and testicular
size or percent abnormal). In calculation of the DHT -PHI
score for PCB 169, p,p'-DDE, and P, which did not
induce malformations in the testes or epididymides, we
used the reduction in organ weight relative to the control
value to differentiate between compounds that pennanently
reduced the size of the organs without causing malforma-
tions from those that did not reduce organ size.

Figure 10 was constructed to provide a visual summary of
the results of the data collected on multiple androgco-de-
pendent tissues and to compare these results to the previ-
ously reported dose-response effects of V on the pm
(Gray et al, this issue). Procymidone and p,p'-DDE,
which are known AR antagonists, produced profiles that
resemble that produced by V although they were obviously
less potent (Ostby et aI., this issue). In contrast. the
phthaJates DBP and DEHP produced higher incidences of
testicUlar and epididymal abnormalities than was antici-
pated based on the DHT -dependent external effects which
make up 5th/6th of the T -pm score. The weak AR
agonist L probably provided one of the greatest surprises
in the current Study. Based on a external examination of
the animals (AGD, areolas, nipples, hypospadias, and vagi-
nal pouch). we did not expect to see any endocrine-disrupt-
ing effects on the epididymides or testes. The fact that
these tissues were affected to a high degree suggests that L
either alters sexual differentiation by another mechanism

Here, we utilized this index to describe how the profiles of
reproductive effects in males exposed to p,p'-DDE, P, L,
DBP, DEHP, or PCB 169 compared to V (Figure 10). For

DEHP

i Unurvn

i ..
i DSP

PHI Indices for DHT and T Dependent Tissues.!100 -
".
i=
t- 80
...
.2
.! 60.
E.I&.
~ 4°l
~ ~:IZ=~I=:::~~1U Pnlcymtdone.~ln = 20 . ~ I ,;. DOE'! o-R
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PHI as Percent Female for DHT TIssues

f1pre 10. TbiJ fi~ p~ta a comparison of the effects of diff=t potentially antiandrogenic chemicals on testO5terone (T)- and dihydrotestostauoe
(DHT>-depaIdeDt fetal tissues. A pseuciobermaphroditiam index (PHI) of 1000/0 indicates that the male was completely demasculinized and feminized in
regards to the tissues examined. Many of the compounds used in this investigation produce responses that differ from the standanI vinclozolin 11X)cie1.
indicating that ott- mecbanisms of action may be involved in alterin& fetal male reproductive tissues.
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of action in addition to being an AR antagonist or the
epididymides concentrate the compound or its active
metabolites. PCB 169 treatment had no effect on the
external androgen (DHT}-dependcnt tissues (AGD, areo-
las, retained nipples, or external malformations), but it did
affect ventral prostate size (DHT -dependent) and epididy-
mal (T -dependent) and testis size. The fact that the devel-
opment of these tissues are, androgen-dependcnt, does not
necessarily indicate that this is the mechanism of toxicity
for PCB 169, because abnormal development of dlese
tissues also can result from other molecular mechanisms.

ining serum thyroxine, triiodothyronine, and thyroid stimu-
lating hormone and thyroid histology in 2. to 3-week-old
offspring and their dams. The dosing phase of this assay
would be about 30 days if pups were maintained until
weaning. Short-term in utero assays like that described
here were considered by EDST AC (see the Alternative
Reproductive Mammalian Test in the EDST AC Final Re.
port, Chapter Five, Appendix Q, pp. 4-6). However, at the
time of their deliberations, insufficient data were available
to evaluate their utility. In this regard, our study presents
information that indicates that such an assay is feasible and
its implementation, after standardization and validation,
would eliminate concerns that a S(:reenjng Battery that
does not include in utero exposure will allow chemicals
that alter reproductive development by endocrine mecha-
nisms to elude detection.

Summary

We show here that pesticides and toxic substances can
alter sexual differentiation in an antiandrogenic manner via
several distinct mechanisms. This must be considered in
the selection of assays for screening for anti-androgens as
proposed by the Endocrine Disruptor Screening And Test-
ing Advisory Commjttee (EDST AC). Assays for the detec-
tion of antiandrogenicity must be sufficiently comprehen-
sive to enable them to detect the antiandrogenic activity of
chemicals that act by all mechanisms of action, not just
those that act by binding the AR. A screening battery for
antiandrogenicity should be able to detect DBP, DEHP,
and L, as well as P and V. As currently proposed, ate
EDSTAC Screening Battery does not include in utero
exposures. It relies upon (1) in uitro AR binding or
transcriptional activation, (2) an in uitro assay of steroido-
genesis using minced testis culture, and (3) a short-term in
uiuo assay that is designed to detect anti-androgens (or

androgens) by measuring androgen-dependeI1t organ
weights in castrate-testosterone-treated males. Another in
uiuo assay, termed the . pubertal male assay,' was proposed

as an alternative in uiuo assay. The pubertal 1Da1e assay
examines the effects of potential endocrine disruptors on
pubertal development in the male rat (Monosson et al., this
issue).
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Androgen Receptor Antagonist versus Agonist Activities of the
Fungicide Vinclozolin Relative to Hydroxyflutamide*
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The mechaDi8ID of antiaDdrogenic activity ot vin.
clozolin (3- (S,5-dichloropheny I) -5- me thy 1-5- viny loxazoli-
dine-2,4..dione), a dicarbozimide funpcide under invea-
tieation for its potential adverse effects on hwnan male
reproduction, wu inve8tieated usinr recombinant hu-
man androren receptor (AR). The two primary metabo-
lites ot vinclozolin in planu and mammals are Ml
(2,. [[ 8,5-dichlorop heny l>-carbamoy I] ozy ]. 2- methy 1-3- bu te-
noic acid) and M2 (S',5'-diehloro-2-hydroxy-2-methylbut-
8-enanllide). Both meta bolito, in a dole-dependent
manner, targetAR to the nucleua and inhibit andro~en'
induced traD8activation mediated by the mouse mam.
mary tumor virua promoter. M2 is a SO.told more potent
inhibitor than Ml and only 2-told 1- than bydroxyfiu-
tamide. In the pre8ence ot dihydrote8to8terone (60 DII),
M2 (0.2-10 p.J4) inhibits androren-induced AR binding to
androl'en respoD8e element DNA. In the abeenee ot di.
bydrote8t08terone, concentrations ot 10 "... M2 or by.
droxytlutamide promote AR bindinr to androren re-
8poD8e element DNA and activation of transcription.
Agoni.t activitio ot M2 and bydroxyfiutamide occur at
10-fold lower concentrations with the mutant AR frbr877
to Ala) endoeenoua to LNCaP human Proatate eancer
cells. The results indicate that androren antagoDi8t8 ean
act u agonWts, depending on ligand binding afftnity,
concentration. and the presence of competing natura!
Ii~anda.
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The human androgen receptor CAR)' is a member of the

steroid hormone receptor family of ligand-activated transcrip-
tional regulatory proteins requind for normal male sex devel-
opment. Androgens through their receptor stimulate masculin-
ization of the fetus and induce male imprinting of the
developing brain. Molecular defectl in the AR pne ca~ the
syndrome of androgen insensitivity. which results from failure

"

. 'lbi8 work ... 8Uppo~ by GraDY HD16910 aDd P30-HDI8968

~ the NICHD Cent8l' ror Population R88e8rd1 and by GnDt
NS17479 ~ the NINDS. The CO8t.e of publication oftbil arUde-1e
defrayed in pert by the payment of P8I8 cb&rI8. Thil artiele muat
tberafore be hereby marked -adwnilement° in 8ccord8nce with 18
U.S.C. Saction 1784 8O181y to indicate thi. fact.

** To whom ~Ipondence Ihould be addr~d: Laboratorial ror
BepI'oduea.. BioIOIY, C8f7500 MacNider Bidc., 374 Medical Science
R88e8Rh Bid8., UDiftnity of North Carolina, Chapel Hill, NC 27599.
Tel.: 919-966-6169; Fa: 919-966-2203.

I The abbreviationl and trivial nam.. \&8ed are: AR, 8DdI'OI8n ~po

tor; viJlclocoliD, (3.(3, 5-dich1onphen,yl).6-methyl~-YinyIozalOlidiDe-
2, 4-dione; M I, (2-[[ S ,6-clicblorophenyl)-carbamoyl] oX)' ]-2- mlthyl-3-
butenoie acid; M2, S',6'-dicbloZ'Oo2-h.ydJ'U)--2-mlthylbut-3oenanilide;
RI881, methyltri8Po1aDe; PBS, phoepba&e-buft'ered Ialine; DIrr, dihy-
cirot88t08tenm8; LNCaP, lymph JIOcie-derived hnman pl'OBtate caIci-
Doma ~n lina; hy~yf1utamide. CI,a.o.trif1uoZ'Oo2-meth'fl..'.nitro-m-
laetotolPidide (SCHI6423).
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of AR androgen binding, nuclear import, DNA binding, and/or
transcriptional activation (1). Certain antiandrogena, such u
hydroxyfiutamide, bind AR 'With moderate affinity, pn»mote
nuclear import (2), but inhibit androgen-mediated tranacrip-
tional activity by failing to promote DNA bindine, whereas
others, BUch u cyproterone acetate, promote DNA binding at
moderate concentrations and induce partial &&'ODin activity
(3).

Vmclozolin is a dicarboxirnide fungicide reii-tered in the
United States and Europe for use on fruits.. yeaetabl_, orna.
mental planta, and turf gra8e8. Adrn;ni_tration of Yinclozolin
to adult 1nale rata cauaes Leydig ~ll hyperplasia and atrophy
of the prostate and selninal vesicles (4), whereu administra.
tion to ~t rata ca- incomplete development of the
1nale reproductive tract (i.e. cleft phallus and hypospadias) in
male pups (5, 6), indicating antiandrogenic activity. Two major
ring-opened metabolites ofvinclozolin (i.c. the butenoic lcid Ml
and the enanilide M2, Fig. 1) predominaw in plants and soil
(7-9) u well as in rodent fluid and tiBBU8 extracta following in
uivo eXpo8ure (10,11). It wu shown previously that vindozolin,
M1, and M2 have little effect on the androgen-metabolizing
enzyme 5a-reductaae. In addition, vinclozolin was a poor inhib-
itor of androgen bindin, to rat AR in ~ll-free extracts, whereaa
M1 and M2 WeR effective competitors (10). suggesting that the
antiandrogenic effects ofvindozoJin are mediated by Ml and/or
M2. It haI not been established, however, the decree to which
environmental levels of vinclozolin, MI, or M2 induce advene
developmental effects.

In this report, the mechanism of transcriptional inhibition by
vinclozoJin and its metabolites ia shown to be inhibition of
androgen-induced DNA binding and subsequent traoIBctiva.
tiOD. A surprising and important result of the study is that at
high concentrations in the abaence of DHT, vinclozolin metab-
olite M2 and the classical androgen antagonist metabolite,
hydroxyfiutamide, are agonista, Bin~ they increase AR DNA
binding and transcriptional activity. The results reveal that
the androgen antagonist activities of these nonsteroidal ar0-
matic compounds are concent.ration-dependent and may be in.
fluenced by the binding of native androgens to the AR dimer.

EXPERIMENTAL PROCEDURES
MatariaI.-Monkey kidDey COB-1 and CV1 cella .ere from the

American Type Culture Collection; Dulbecx:o'. modified ~tiaI me.
dium with ~ liu-. with M without phenol nd, Gnce medium
.upplemented with ,yea8tolate and lactalbumin hydrolysate, and Ex~
400 or 401 witb L-glutamime were from JRH Biosciazlce8; fetal calC
serum Cor mammalian and iDI8ct tell culturee were frvm We Tadud-
ogi.., Inc.; Spodopkru frV6ipardA Sf9 cell. were from ID~ Corp.,
San Dieao CA; antibiotica and gentamicin were.from LiCe Technologi...
Inc.; D-luciferin waa &om Analytical L-umL-~; CV1 cellly8i8 bufr8r
was from Ligand Pbarmaceutic8l8; [8H]methyltrieuW0D8 ([1700mathyl-
"H]R1881. 85.6 Ci/mmol) wul'nlm DuPont NEN; Texaa red~lIiucated
IO8t aDU.rlbbit IgG W88 from l\4o1eculsr Probee, Inc., EUplt OR;
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FIG. 2. Competitive inhibition of ruIR1881 biDdJDC to AR by
ualabeled viDcloaoUn. ita .etabolitee Ml aDd M2, aIId hydrosyo
thatamide ~ cjp-~- acetate. BiDding inhibition ... deter-
mined in COB cella tranaiently tranaCected with the human AR expra-
aon vectur, pCMVhAR, as deecn"bed under -Esperimental Procedurs."
R88ult8 aprW888d .. perant biDdiDI relatift to rH)a1881 ~ arw
Ihown for unlabeled RI881 (~). dih,ydrnte8t01tenme roHT, 8). cyprvt-
~ - -w.t8 (8), hydroxyflut.m!d.. (*), M.2 (~), YiDcior41in (6), aDd
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Flc. 1. 8truetural formw.. of vinclozolin. metaboUtes Ml and
M2, 8nd hydrozyfiutaJDide.

rinclozolin wa. from ~t Chemical Co., Hauppaup. NY; rinclaso- MI (UJ aDd are ~tati~ Of three indepenGent experiment-.
tin metabolite M2 - ~ BASF AG; viDclozolin metabolite MI wu
8YD~ u8inc aJkaJine hydrolysia of viuclomIiD aDd purified.. ~ Laboratory luDIiDOID8ter.
de8Cri~ prevloual,. (10>; hydroxyfiutamide w.. ~ded by R. O. ,Neri, DNA Mobility Shi~ A68OY-sf9 iD88Ct ~n. aprwaiq recombinant
Scbenuc Corp.. Bloomfield, N.J; unlabeled steroids _re from Slgma, full-I_8th wild-type aDd mutant LNCaP proatate ca~ cell line hu-
aDd buft'en aDd chemical8 ~ ~ Fi8her, EM Sci_, and Sigma. man AR ~ were incubated for 42 h at 26 -C with ~

Viracl«olill MdabolUm-Serum and ~II extract coocentratione of indicated ~trati0P8 oClipnda. cella were hal"88tad aDd 8Xtr8ct8d
vincJnoHn. Ml, and M2 were detennined by hiP-performance liquid in a biIh 8alt containing buffer ~ deecribed pnvIoual,y (8). ~e lap-
ehromatograpby/diode array d8t8Ctim .. deecribed preriouaIy (7-10) labeled 27-b88. pair ~de contained the ~ ~
U8inc linuron <N' -<8,4-dich10r0phen,yl)-N-methoxy-N-~thylu,..).. in- .lement of the 0.5 kb ftnt intl'on retion oftbe rat prwtatein C3 eubunit
terDa1 atandatd to c.rect C.. procedural ~ In aDima18U1di88, adult .-e (16) and w.. U1aly8ed in the DNA mOOilit,- ahift .-y .. de-
male rata were dO8ed .-By ~th 30 or 100 mr of vincIoaoIiD in ~ 8Cribed p1'eviOU8I,. (31.
oil/ka of body wejghVday or with vehicle alone for 30 days. after which
Qme the animals - killed. Care of the animala ... in 8eaIniaDce ~TS
with inetitutionaJ pide~. C .. B "-..I. -..I 81 1.-"'- "'-- '__1 1.--'

Com~ue Steroid Binding Aa8ay.--Whole ~U binding a..aya were OmpetltiW .,...1116 a-- ..~ta m- ~ 118 mo'-UJar UB8l1

perl ac: .. described prwviouaI.y (l2). COS-1 cella (loa'-U of 12--n for the antiandrog8nic effects of vioclomlin wu investigated
plata) were tranafectad with 1 lAC of pCMVbAR DNA/weD UIine dieth- using recombinant human AR transiently ezpres8ed in monkey
y1aminoethyl dutran. Twenty-four h prior to the ~indinr reaction. ~n. kidney COS cella. In a competitive androgen bindinr y
wen p~ced in eerum-fne, p~ r-ed-rr. medium and incube~ for 2 using llHJRl881 (a ramolabeled ayntbetic aDdn)8en), M2 was a
hat 37 C witb.5 nM ~1881 m the pruence and ablence ofm.cre"- slightly weaker competitor than the antiandrogen, hydroxyflu-
lna ~trationa 01 unlabeled ~pounda. Non8pecific bln~ of .a but .derabl --. ..1.--M1 vincl --':-[*HJR1881 w.. .~ by addiq a lOG-fold molar - of Imlabeled tami e. 00081 y more .u8ctive or UMJUII
R1881. CelIa were waShed twice in phosphate-bufFered saline (PBS). (Fig. 2). Half-maximal inhibition of 5 mI (~1881 binding
~ in 200 ,AI 015 SDS, 1~ IiJC8roi, aDd 10 mK Tria, pH 6.8, ocx:urred at approzimately 500 mI M2 and 10-20 lAX M1 or
and radioactirit,. detarmined by 8Cintillation ~tinB, vinclozolin. Sb'ongest competitive binding wu ob8erv8d with

ImmunocytocM~ry-COS cen. (10. cells/weD of two-chamber the synthetic andropn R1881 and the natural androgen OUT.
aJide) were t.raD8iected with 1 IAcfwelI pCMVbAR l18ing di8thylami- Co petitio :_1."... ti by te ' ..'---
noethyl dextran .. d8Cribed pnvioua1,- (13). HormCRt" -re 8dded 24 m ve u ul on ~nme ~-: W88 ~ter WaD

and I b prior to walhinc with PBS. CelIe were air-dried fised in 9611. that of M2 or hydroxyfiutamide. The 8J1Dilar effectiveneea of
etbaDOl at -20"C f,. 10 miD, wubed in PBS. treated'in 511. bovine M2 and hydroxyfiutamide in competing for [3H]R1881 bindiDI
_rum albumin in PBS. pH 7.4, for 30 min, and incubated with AR62 to AR i. supported by atructural similarity between th.. two
leG (2 ,.gIml) avemJPt at 4 .C. Cen. were .a.hed in PBS aDd incu- nonsteroidal aromatic compounda (Bee rIg. 1).
batadwithTeu8~~aoatanU-rabbit.lr?(I:~)f..60.min Me&aboliam of vinclozolin, M1, and M2 wu ~~ by
at ~m temJ?8r8ture. ~e awned ~n. were examIned UI1ng a NikDn high-perfonnance liquid chromatography with on-line uv ab-
Optiplot 2 IDlcnleCOpe with an EP1 f1uore~~ attachment. .. '

~.depe"'nt 7'7aIUCription ~Tran8Criptional adirit,- aorbance mode array detection .. described under «Ezperimen-
wu -~ by traMient cotran8rection oC monkey kidney CVI cen. tal Proced\D'88.- During a 2.c-h 37.C incubation at 50 1iM.
(0.4 x lo-/6-cm diah) with 60-100 ng of pCMVbAR ap~on vector vinclozolin wu metabolized to 87~ M1 and 12% M2 in monkey
aDd 6 lAC of - mammary bm1or vinJ8 hJcifera8e reporter vectm' kidney cas ~lls and 94~ Ml and 8% M2 in monkey kidney

(provided by Ronald M. Ev.u., Salk lnaUt.ute. La Jolla, CA) uainr ~ CV1 cell8 the cell linea uaed to 888888 AR ligand binding and
calcium ph08P~te ~pi.tation method (I~, 14). Twenty-four ~ 48 h transcriptional activity, respectively. 111 and M2 were stable
after tranafection, the lndicated ooncentrationa 01 DIrr aDd antiandro- d . th . b . . h tha 98 % of th . ..;ft.1

rena were added with freeh medium and 6 h after the I.at addition, cella unng e lncu ationa. Wlt more D eon wen harYMtad in 0.6 m1 oIlysd buffer. RelaUve light uniu ofa O.l-ml compounds retained during the cell cultur88. A similar pattern

aliquot were detennined using a Monolight 2010 AnAlytjcal Lwnin-- ofvinclozolin metabolism Waa observed in 8m insect cells used
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PI<; 3. Immunocytochemical stain.
ing of AR in tranllfpc!.ed VUS cells in
the preaence of dihydroteStOtlUn.ne,
rincloaolin, or it. metabolit-, Ml
aDd M2. Immunocytocheulica! stllining
was performed as dto5CribPd Wtder "Ex-
perimental Procedw-e&." Cells exp~Di
Aft Won! unt.roawd IA } or expoeed for 24 h
at 37"C to 50 nN dihydrotestosterooe
WET. B). O.S 14M M2 (C), J/,"M M2 (DI. 10
I&aI M2 (E), 1 ,.M N1 (F,. 10 14M M1 (GJ. 1
I&aI vinclozotin IVin. HI, and 10 11M vUlclo-
solin (Vin. 1 I. The rogJuns shllW1! are rep-
resentative of the overall staining pattern
determined in four experiments. MagnifI.
cation: )( 720.
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FIG. 4. Transcriptional inhibitory

effect. of increlialng concentration.
of ,'inclozolio, metabolites MI and
M2, and hydroxyDutamide on DOT.
induced transcriptional activity,
Tran8Criptional activity was determined
in tran.ienl.)y transfecled CV1 cell& oa de-
~btod w1der "Expt'rimental Procedures"
al. 0.1 n» DHT and Lh., indicated ligand
concentTlitionL Optical readinp are
abown with standard t'YTur. and .fold in-
duction is indicated at the bottom relative
u. lht' I\ctivlty determined in the ab8ence
of DHT. p5 nlpreeents rt'8u1tJ1 obtail18d
wbeI\ the parent expn'SSion \-ector
pCMV~ IlIcking AR 5equl!na: which WQ
rotrM.nMf""ted with lh.. \ucil..ruse reporter
vectOT. The data shown are represen-
lutiv" of ul 1""Hl four ind..p"ndellt
determinat,olls.

~

i 1so,OCXI I

100~

IO,OCMI

pi +. -+ + + -+ + -+ -+ + + + + + + + ... + ~~.1 nM)

o.a 1 I 10 0.~Q,2 o.a 1 0.5 1 5 10 0.05 0.2 0.5 1 jlM

1251741.. ». 47 1. 14 91 48 1710 82 » 10. Fold ~
~- M1---' --- M2 --" ~_. ~ ~- ~-FL-

fOT the expression of recombinant bacuJo,'irus. Thus, vinclozo-'
liD metabolism in primate and insect cella pa"all~6 thut ub-
leTVed in rata, where M1 and M2 are the predominant metab-
olites of the fungicide.

S~llulor Di6tribution-AR transiently exprea.'Ied in COS
cells is perinuclear in the cytoplasm in the ab..ence of androgen
and nuclear in the presence of 50 nM DHT Il& repol1.ed pre,'i-
ousJy 113. 14; and shown in Fig. 3. A and B. Significant AR
nuclear ~t.aining ':40-50%) waf! observed with exposure t.o 0.5
110M M2 (Fig. 3C). 10 Jl.M M1 (Fig. 3GI. and 10 IlM "wclozoJin
(Fig. 3]1, cloae]y paralleling the ability of theat' ligand" to
compete for Aft androgen binding!&ee Fig: 2). Ml and vincJo-
zo]in at IIJ.N ~Ited in absence of detectable nuclear staining

'Fig. 3, F and Hi, whereas 1 #J."M M2 caused nearly complete AR
nuclear lucalization (Fig. 3D/. At 10 1AolI. M2 AR Ducl~ar trans-
port was indistinguishable from that observed with 50 8M DIrr
I Fig. 3, E and BJ.

Mf'Chani.'l/n of AR lIulibition by Vinclozolin- The effect of
vinclozolin and its metabolites un DHT.indu("ed transcriptional
activity was invHtigated by transient cotrangfection of munkey
kidney CVl cf'lls with the human AR expresmon vector and a
moU8(- mammary tumor virus pJ"Omuter-lucirerase reporWr vec-
tor used previously to measure androg~n-induced tran8l:rip-
lionlll re~ponlies to AR (131. Trlinscriptional activity induced
with 0.10)1 DHT was inhibited about 80~ by 10 S£JA Mi. 0.2 10M
M2. 1 ~M vinclozolin, or 0.2 ~~I hydmxyf]utamid~ (Fig. 4). The
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FIG 6. EBb_cement of AR DNA bindlne by high OODceatra-
tioD8 ofMJ _d hydroxyftatamide in the abeenee of Din'. Incu-
bations ofB!» cellR C!xprl!a8ing AR were pcrfonnod in the abeence (lan~
19 and BO) or pre.ence of 0.05 ~ dihydroteatosterone (DHT. iGnes 17
and 18) or at increaaing c:o~ntr.lion. ofvinclozolin (ViII, iGnu 1-4).
metabolites Ml (iGnes 5-81, M2 (/allC. 9-12), or hydroxyflutamide (OH-
FL. iGlin 13-161 between 0..2 and 10 ~ The DNA mobility shift aaaay
WU performed a8 described under .Expcrimmtal Proc:edUTel.~ The
upJJf!r baIId i. Spec"IC for AR.DNA complex formation. aince il i. .hift.d
to a 110- migration with tit. additiorl 0( antibody AR52 lAB. 14M 18)
but is undetectable in the absence ofDHT (lan~ 20). The data shown are
rePl"e84!ntati~ of four independent experimentll.

Vin M1 M2 OH.fL

FIG. 5. Inhibition of DNA biDdiDC by baeuJo~1'e88ed
reeombinaul. AR. 819 cella expreaiD8 wild-type Aft were incub81.ed in
th~ abeence lIane 1) or pl'e8en~ or 60 nM dihydroteatoaterone (DHT)
eith8r .Ione lIane.2. 19, .nd ZO) or with ineloea8ing oonceotraUona of
vinclozolin (ViIJ. 10- 3-8), Ml (/4nu 7-101, M2 (lann 11-14), or
hydroxyf1utami~ (OH.FL, la-- 15-18). DNA mobility shift y.
were performed with an androgen re8fICW'Be el_nt .. deacribed under
"Experimental Procedures.. The upp'r bond nIP~nl.s speeific Aft
bindin( to 32p.I.beled androgen ~ponM e1emrnt DNA and is sml\ed to
a lIower miaration Cia. .20) with the addil.Jon of AR52 antipeptide
antibody <ABJ deRCribed previously <29). The middk band. represellt
nOllBpecilie DNA btndinl and are deteeted with extracts 6'Om 8m colI.
not. exposed to rewmbioant baculovi~ (not shown). At the bottom is
Ule upp'r portion or the fTee labeled oliaonucleotide band. The concen.
trati- of ~peting unlabeled lipod ranced from 0.2 to 10 I£M 88
indicated. The data shown a~ ~preeentatiYe of three independent
experimenta.
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greater transcriptional inhibition by M2 and hydroxyfiutamide
compared with vinclozolin and M1 parallel their more effective
competitive inhibition of [~R1881 binding to AR (see Fig. 2)
and their ability to promote AR nuclear transport (see Fig. 8
and ~. 2). The parent compound vinclozolin and the major
metabolite M1 were about 10. and l00-fuld less potent, respec-
tively, than M2 in inhjbiting AR transcriptional activity
(Fig. 4).

The intermediate effectiveness of vinclowlin relative to M1
and M2 in inhibiting DJrr.induced transcription in the co-
b"anafection assay (Fig. 4) ia consiStent with its metabolism to
M1 and M2 in CV1 cel1s (94,., M1 and 6% M2). In adult male
rats treated orally with 30 and 100 mg ofvinclo7.0lin/kg of body
weight/day ror 30 days, the major serum metabolite was MI;
serum level. averaged 107 nM and 1.6 JA.M vinclozolin, 1.7 IJ.M
and 10 IJ.M MI, and 22 nN and 270 roi M2, respectively. The
higher concentration of the 1888 potent metabcllite Ml suggests
that it contributes, with M2, to the antiandrogenic efTect.s of
vinclozolin.

The mechaniBm of transcriptional inhibition was investi.
gated by determining the effect or each ligand on androgen-
induced AR binding to androgen responRe element DNA. It was
shown previously that human AR expreMed from baculovirus
in 8m cells requires intracellular exposure to androgen to in-
duce high affinity, sequence-specific DNA binding activity /3)
os shown in Fig. 5 (lanes 1 and 2). Inhibition of DNA binding
induced by 50 nM DJrr required 10 11M vinclozolin /Fig. 5,laM
6), 10 IJ.M MI (Fig. 5, lane 10). or 0.2-0.5 IJ.N M2, with essen.
tially complete inhimtion at 1-10 p.1f J.t2 (Fig. 5,loMS 11-14).
M2 was 2-3-fold less effective than hydroxyfiutamide in block-
ing androgen-induced AR DNA binding (Fig. 5, lanes 15-18).
The results suggest that the mechanism or antagonism by
these ligands is a concentration-dependent inhibition of andro-
gen-induced AR DNA binding, "';th M2 being the mOKt effective
antiandrogenof the vinclozoJin mctabolitt's.

110.1*

i~
20,IlOO

ol~
p5' 1 10 50 1 10 50 1 10 50 1 10 50 11M

78 1 2 5 4 21 2S 1 4 12 . 24. F~ IndI8IIan
'- DHT - \--- M1" '-- M2 --' I.-- * -' LOHoPL-'

FIC. 7. Aaoni8t BCtivity of hiP _D~tiOD8 of vincI_1in.
its metaboll*. and hydrox)'ftutamide with wild.type AIL Ag0-
nist activity was doterminoo by tranaicnt cotnansfection using tho par-
ent expreaion vector lacking AR coding 8equen~ IpS) or pCMVbAR
~ing ror wild-type AR and the lucirera.. reporter vector as deecribed
under -Experimental P~d_. and in Ute ieaend or Fi,. 4. Shown are
the optical units obtained following incubations with 0.1 n~ DHT and
increaaing concentrations of metnbolit08 M 1 and M2, vinclozolin (Vi"),
and hydraxyfiutamide IOH-FLI in a ranp rrom 1 to 50 10M. -Fold
inducticm was determined relative to the activity observed in tIw ab-
sence of added ligand and is shown numerically at the bottcm.

Antagultist lft-rHU8 Agunisl Actiuity-When M2 and hydroxy-
nutamide were added at high concentrations (10 J&Ai) in the
absence or androgen to 8m cells expressing AR, AR DNA bind-
ing was ob8erved (Fjg. 6.1anrs 12 and 16) ramng the possibility
that these antagonists are agonists at high concentrations in
the absence of androgen. (Note the abeence or AR DNA binding
at these concentrations in Fig. 5 in the presence of DHT.) The
luciferase tranRCription assay was therefore repeated uaing
high concentrations of these compounds in the absence orDH7.
As shown in Fig. 7. concentrations or 10 and 50 pJA M2 or
hydroxyflutamide, and to a lesMlr extent, vinclozolin, induced
AR-mediated transcriptional activation rrom 20- to 48-fold. In
the absence of AR expression, no agonist effects were observed,
ruling out inductions t.hrough nlln-AR-medialed pathways. The
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Fit;. 8. Competitive inhibition of
r"HIRl881 binding to wild-type Dnd
LNCaP AR by M2 and hydrox)oflut-
amide. Wh"l" "ell binding ns""ys w"r"
p"rforml}d itl transit,ntly tran!;fected cas
cells a,; dt::;cribt:d under "Expel;mt'nUlI
J>rI.J(:edur..". and the legt'nd of Fig. 2 using
\\'ild-typ" (\\'T' "lid L.~C"p pr""tutt- can-
cer p(~MVhAR expre,;,;jon vecwr DNA
:It,d incubating willI i, nM I"HIRIB81und
increusing conrentration,; or unlahcled
Rl!181. M2. and hydr"xynutamide (OH.
Fi, I"" "ompetjlor. Th.' data ar.' exprellscd
Uti JICn.-cnt ortotal binding obscrved in thl!
prelit.nce or 5 M1,'H IR1881 olone ond are
rcpre!;entntiv~ of thref: independent

experimt,nti'
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results reveal the striking ability of the androgen antagonists.
M2 and hydroxynut.amide, to act at; AR agonists at high con-
centration!! in the absence of DHT.

Relative ligand hinding affinity, androgen response element
DNA binding, and agonist activity ofM2 and hydroxyflutamide
were investigated further using an AR mutant that codes for
the same amino acid sequence as the AR mutation in the
human LNCaP human prost.ate cancer cell line. In these cells,
k single base mutation within the AR gene region coding for the
steroid binding domain changes threonine 877 to alanine and
increases AR binding affinity for and agonist activity of hy-
droxyflutamide (16-18). M2 was two to three times more effec-
tive liS a competitive inhibitor of ["H]R.188.1 binding to LNCaP
AR compared with wild-type AR, a binding difference similar to
that observed with hydroxyflutamide (Fig. 8). Similarly, DNA
binding of bacuJovirus expressed LNCaP mutant AR was in-
duced by concentrations of M2 10-fold lower than required for
DNA binding ofwild-type AR (Fig. 9, lane 3). Hydrox~-flutamide
induced DNA binding of the LNCaP mutant AR at a 50-fold
lower concentration than required for wild-type AR !Fig. 9,
lanes 5-7). The extent of expression of wild-type and LNCaP
recombinant AR was similar based on immunoblot analysis
(data not shown). Similarly, the transcriptional response to M2
with LNCaP AR was 9-fold greater than with wild-type AR
(Fig. 10). Transcriptional activity induced by 1 nM DHT was 44-
and 68-fold with the wild-type and mutant recept.ors, respec-
tively <Fig. .10). The results suggest that M2 and hydroxynut-
amide can act as agonists at high concentrations! 10 JLM} in the
absence of androgen both in cells expressing wild-type AR and
at lower concentrations (0.2-1 IJ.M) in cells expressing mutant
ARs with ligand binding specificity of the threonine 877 to
alanine mutation.

.....

0.2 0.5 1 10 0.2 0.5 1 10.05.05 - - 11M
- M2 ---"--- OH-FL --"'.. DHT J

+ +
AS AS

FIG. 9. Increalled DNA bindine- of baculovirus expressed LN-
CaP prostate cancer ceU line mutant AR after incubation with
M2 and hydroxyfiutamide. DNA mobility shift ussays were per-
formed as described und""T "Experimental Procedures" sro cells ex-
pressing the mutant LNCaP AR from recombinont bacuJovirus were
incuboted with incl'C8slog concentrations ofM2 tlanes 1-4' or hydroxy-
fiulamide <OH-}"L, lanes 5-8) betwecn 0.2 and 10 j4AI or with ([ar~R
9-10) or without ({anes 11-121 &0 n.\! DHT. Th., upper band represents
8pccific AR-DNA binding, sin , it is shifu,d to" slower mill'nlliQn by the
addition of .o\R52 IgG antil>lJ<!y lAB. Ian/! ./0) IInd iJI und,,~\ed in t.Ile
absence of DHT but pre!!ence of AR52 antibody (lane 12\. The .middle
band represent non"pPcific DNA binding by Sffi cell extracts. and the
bond ot the bottom of the gel is the upper portion of the free labeled
oligonucleotide. Approximawly 15,000 cpm w.,re applied W eacb Iline
The data shown ar" reprl:&l!nlat.ive or three independent experiments.

DISCUSSION
Mclabolite5 M.1 and M2 of thc fungicide vincJozolin are p0-

tential antiandrogens that inhibit AR-mediated transcriptional
activity in a concentration-dependent manner by blocking an-
drogen-induced AR binding to androgen response element
DNA. M2 has a pot.ency similar to a structurally related anti-
androgen, hydroxyflutamide, whereas the major metabolite Ml
is less active but could contribute to antinndrogcnic potency
because of its higher concentration; Ml reaches 40-;5 tjmes
higher ('"{ffif:entrations than M2 in rats administered vinclo7.o-
lin. An unexpected resu]t was the agonist activity of M2 and
hydroxyflulamide in the absence of anw'ogen. These ligand.'I at

high concentrations apparently induce a receptor conformation
compatible with AR DNA binding and transcriptional activa-

tion. With the LNCaP cell mutant AR (Th~77 to Ala), hydroxy-
flutamide and M2 had agonist activity at lo\~er concentrations
due to increased binding affinity of the mutant AR for these

compounds.
The results rai8e the possibility that mixL-d ligand dimers,

i.t:. agonist (natural androgens) and antagonist bound in t.he
same dimer, are required for antagonism. whercas same ligand
dirners of sufficient.ly high affinity promote receptor activation.
A similar hypot~esis was suggested for type II antagonists of
PR (19). Based on t.ryp!!indigeslion patlcrns. anlihormones are
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believed to induce inappTOpriate receptor conformationa of PH
(20) but not AR (21). Mixed ligand dimen may be transcrip-
tionally inactive becauee the two ligands induce incompatiblt
conformational states. each of which oould be active in lame
ligand dimen. In support of distinct ligand-induced receptor
oonformationa, ~d binding domain mutations altered the
antalOnistJalOnist relationship in PR (22) and ER (23). Antag-
~ and agonist activities appear to be determined by receptor
binding affinity, ligand ooncentration, and the presence or ab-
aen~ of competiDg high affinity natural l~~ds, TiaaU&-8pe-
cific differencel in ligand metabolism would then contncute to
the antalODiat or agvoj8t activity of a particular oompound
Differences may a1ao exist among natural enhan~n and/or
promoters of androgen regulated pDe8.

It remains to be established the extent to which the general
public and ~pational workers are exposed to the widely used
fungicide, vinclozolin, or whether active metabolites reach 0011
centrations lufticient for antiaodrogenic or androgenic activit}
Daily oral dosing of rats results in 8ennD M2 levels sufficient
for antagonist but not agonist activity. On the other band.
t1utamide administered in high doses to prostate cancer ps
tients may be detrimental due to the agonist potential of thf'
active metaOOlite, hydroxyfiutamide. Plasma levels ofhydroxy
t1utamide can reach 78 ng/ml (8 JI.M) (24) which is within the
agonist range. Prostate cancer patients can experience im
provement upon discontinuing t1utamide treatment, a phenom-
enon known as ftutamide withdrawal syndrome (25, 26). Sim-
ilar improvement is report.d in some breast cancer patient!
removed from tamoxifen (27). High level, long term exposure tAJ
t1utamide, particularly in men undergoing andropn with
drawal therapy for pro8tate cancer, could cauae proliferation of
androgen-responsive cells. AR mutations like the prostate can
cer cell line LNCaP mutant AR. reported in 6 of 24 advanced
proltate can~r specimens (28), can enhance the agonist effects
of certain antiandrogeDS like M2 and hydroxyt1utamide bE'-

/" , ., CBU8e ofincreued binding affinity.

The Newts raise concern about the potential biological ef.
" '".c' recta of 8Xceu expoeure to the fungicide, vinelozolin. that could

potentially inf1uence nonnal male aexua1 differentiation and/or
fertility. Furthermore, the ae of' high doee ftutamide u..t-
ment in men 1rith prostate cancer may be detrimental in lome
patients undergoing androgen 1rithdrawal therapy. Finally, a
relationship is 8U8lelted between antagonist and aroDiat ac-
tivities based on the poeeible formation or mixed ligand or lame
ligand dimers, Nepectivety.
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Vmclozolin, a widely used fungizide, enhanced BaP-induced
micronucleus formation in human derived hepatoma cells by

increasing CYPIAI expression
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Abstract

Vinclozolin, a widely used fungicide, can be identified as a residue in numerous vegetable and fruit samples. To get insight
in its genetic toxicity, we investigated the genotoxic effect ofvinclozolin in the human derived hepatoma cell line HepG2 using
the micronucleus (MN) assay. Additionally, to evaluate the co- or anti-mutagenic potency of vinclozolin, we treated Hep(i2
cells with different concentrations ofvinclozolin for 24 h. Subsequently, the cells were exposed to benzo[a]pyrene (BaP) for I h.
Exposure ofHcp(j2 cells to 50-400 jLM vinclozolin alone did not cause any jndtx;tion of micronuclei. However, a pronounced
co-mutagenic effect wu observed. MN frequencies caused by BaP increased by 30.6%,52.8% and 65.3% after pretreatment
of the cell cultures with 50, 100 and 200 110M vinclozolin, respectively. The highest concentration (400 ILM> of vinclozolin
tested caused cytOtoxicity. Therefore, micronuclei were not considered for that concentration. To clarify the mechanism of
cogenotoxicity, we assayed cytochrome P450 IAI (CVPIAI), which plays a pivotal role in activation ofBaP. Cells exposed to
vinclozolin led to significant increase of CYPIAI expression in Western blot The result suggested that induction of CYPIAI
by vinclozolin account for its enhancing effect on genotoxicity caused by SaP.
0 2005 Elsevier Ireland Ltd. All rights reserved.

YP\AKqwoIYi.r: Vmcl~lin; Hepa2 celli; Co-mutaaenicity; Micronucleus assay

Introduction

3- (3,5- Dicblorophenyl) -5 -edtenyl- 5 -methyl- 2. 4-
oxazolidinedione (vinclozolin) is used in agriculture
over a period of more than 20 years to protect fruits and

. Corresponding author. Tel.: +49 641 9941400;

r-: +49 641 9941409.
E-mail address: volker.meTSCb-sunderrnann@uniklinikum
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In a former study, Hrelia et aI. (1996) and Ranis et
al. (1994) demonstrated that vinclozolin can increase
the expression of various cytochrome P45O-dependent
oxigenases (CYPs). It is recognized that cYPs are
key factors in the activation of progenotoxicants to its
ultimate genotoxic metabolites. Therefore, in present
study, we introduced a human derived metabolically
competent cell line (HepG2) to study genotoxicity.
HcpG2 cells retained the activity of most of the
xenobiotic metabolizing enzymes (Grant et aI., 1988;
Doostdar et aI., 1993; Chung and Bresnick, 1994;
Kress and Greenlee, 1997; Krusekopf et aI., 1997;
Delescluse et aI., 1998). Additionally, several stUdies
demonsttated the ability of HepG2 cells to activate
different types of progenotoxicants (Natarajan and
Darroudi, 1991; Knasmuller et aI., 1998). Our group
demonstrated the suitability of HepG2 cells to detect
cogenotoxicants by identifying the synergism of musk
ketone and BaP (Mersch-SundemlaDn et aI., 2001).
Because of these advantages, the present study will
provide some information regarding the elucidation
of genotoxicity of vinclozolin and its role in the
modulation of the activity ofprogenotoxicants.

vegetables from various fungal pathogens (Davidek et
a1., 1981). Since vinclozolin can be detected in many
plant foodstuffs in low concentrations as a residue
and farmers may be exposed to the fungicide during
preparation and application, the human risk should be
weU evaluated. In the last two decades, most papers
on vinclozolin focused on its anti-androgenic effects
(Kelce et ai., 1994; Hoyer, 2001). However, some
studies dealing with the genetic toxicity of vinclozolin
and vinclozolin mediated lipid peroxidation were also
published (Lioi et al.. 1998).

So far, results reported on mutagenicity and car-
cinogenicity of vinclozolin are various. Several stud-
ies from U.S.E.P.A. including the Salmonella assay.
a Chinese hamster sister chromatid exch~ge assay,
a host-mediated assay with Salmonella Iyphimurium,
and a dominant lethal test in mice showed that vin-
clozolin is a non-genotoxicant (EPA, 1985). Addi-
tionally, it did not induce any significant increase of
chromosomal aberrations in human peripheral blood
lymphocytes in the presence and absence ofS9 (Hrelia
et al.. 1996) and it did not show increased sister-
chromatid exchanges (SCE) in human Iymph~ in
vitro (:t:S9) (Kevekordes et al., 1996). The rats orally
dosed with Vmclozolin did not lead to the forma-
tion ofhaemogiobin adducts (Sabbioni and Neumann.
1990). Likewise. no significant micronucleated poly-
chromatic erythrocytes in bone marrow was found
after the mice orally exposed to vinclozolin indicat-
ing that vinclozolin is neither clastogenic nor aneu-
genic (Kevekordes et al., 1996). Although most stud-
ies insisted on non-genotoxicity of vinclozolin, a
few studies showed conflicting results. In studies of
Hrelia et al. ( 1996), Vinclozolin induced micronu-
clei in erythrocytes in the bone marrow of male
mice. Perocco reported ceU transformation in BALB/c
3T3 cells exposed to vinclozolin (:t:S9) (perocco et
ai.. 1993). Additionally, in contrast to former stud-
ies. Lioi found a statistically significant increase of
Structural aberrations and SCE in bovine lympho-
cyte cultures in vitro induced by vinclozolin (Lioi
et ai., 1998). A review from U.S.E.P.A. showed that
vinclozolin induced Leukaemia and lymphoma in
male animals and also some adenoma in the lung of
female mice (EPA, 1985). Overall, present knowledge
based on majority of negative outcomes tends to sug-
gest that vinclozolin is not a direct DNA damaging
agent.

2. Materials and methods

2./. Chemicals

BaP (CAS 50-32-8) and vinclozolin (CAS 50471-
44-8) were pmchased from Sigma (St Louis. MO.
USA). Vmclozolin and BaP were diluted in filter
sterilized DMSO (Sigma) with final concentration in
the medium of less than 1 %. Chemicals related to
enzyme mcaSlD'Cment were purchased from Sigma.
All other chemicals and solvents were of the highest
purity commercially available (analytical grade). Dul-
becco's minimal essential medium (DMEM). fetal calf
serum and antibiotics (penicillin, 100 U/ml. strepto-
mycin 0.1 mg/mJ) were obtained from Gibco Company
(Paisley, UK).

2.2. Cells and culture conditions

The HepG2 cell line was originally established
from a human liver tumor biopsy and kindly provided
by Dr. Firouz Darroudi (Leiden. Netherlands). The
cells were grown in DMEM supplemented with 15%
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fetal calf scnnn, penicillin and streptomycin at
(5% COV.

albumin as the standard. Celllysates, containing equal
amounts of protein, were boiled in SDS-sample buffer
for S min before loading on a SDS polyacrylamide
gel. Proteins were transferred to nitrocellular mem-
branes (Amersham, Freiburg, Gennany). Then, the
membranes were blocked with 5% non-fat dry milk in
TBS- T pH 8.0 and incubated with 1 :300 monoclonal
antibodies againstCYPIAl (CYP2000, Boc~ Ger-
many) overnight at 4°. After washing three times with
TBS/T, the HRP-linked secondary antibodies (Cell sig-
naling, Beverly, MA) were added and incubated for
I h at room temperature. At last. the membranes were
washed with TBsrr for three times and the immunore-
active bands were visualized using ECL chemilumi-
nescence detection agents (Amersham, FreibUIg, Ger-
many). Tow independent tests were perfonned

2.3. MicronucieuslHepG2 assay

2.5. Statistical evaluation

Statistical significance was evaluated by Dunnet's
I-test. Statistical significance was accepted within
p ~ 0.05.

3. Results

Prior to the experiments. pilot tests were performed
to determine the appropriate test doses and conditions
for vinclozolin and BaP. The concentration (200 ILM
for 24 h incubation, percentage of binucleatCd celIs
is over 500/0) in the pilot study was chosen as the
highest vinclozolin dose in the experiments. For BaP
we tracked down a concentration located in the linear
region of the dose/MN curve (50 ~M for I h incuba-
tion), which was capable of recognizing both up regula-
tion and down regulation of the MN frequency (Fig. I).

In the first assay. we investigated the effect of vinclo-
zolin alone on the MN frequency in HepG2. As shown
in Table I vinclozolin slight increase ofMN frequency.
In particular. the highest concentration induced a MN
frequency of 35. However. the low nuclear division
index suggests the concentration induced Strong cyto-
toxicity. The slight increase induced by the other con-
centrations ofvmclozolin is notstatistica1ly significant.

In the combination assay. we studied the effects of
vinclozolin on the genotoxicity of BaP. The 50 ILM
BaP reference control (pretreated only with DMSO)
caused a significant, over two-fold increase ofMN over

The assays were performed as descnoed by
Natarajan and Darroudi (1991), partly been modified.
Briefly, 106 cells were grown in culture flasks (25 cm2)
containing 5 ml of complete medium (24 h). Then. the
cultures were treated with various concenb'ations of
vmclozolin (24 h). Subsequently, the cells were washed
twice with PBS and incubated in complete growth
medium supplemented with 3 Jl.g/ml cytochalasin B 1
(24 h). At last, the cells were trypsinized and b'eated
with cold hypotonic KCl (5.6 g/l). Then, the cells were
centrifuged and an acetic acid-metbanol (1 :3) solution
and three drops of fonnaIdehyde were gently added.
The fixation step was repeated three times and the
resulting cells were re-suspended in a small volume of
fixative solution. Air-dried preparations were made and
slides were stained with 2.5% Giemsa (Gurr66) solu-
tion. For each concenb"ation of the test compound 1000
binucleated cells (BNC) were evaluated for micronu-
clei (MN). The data are presented as the number of
MN per 1000 BNC. MN were scored according to
established criteria (Kirsch-VoIders et aI., 2000) with
a Leica microscope. To nile out cytotoxic effects, the
nuclear division index (NDI) of each sample was evalu-
ated according to (Eastmond and Tucker, 1989). Three
independent experiments were carried out for each cul-
ture set (n=3).

The protocol of the cogenotoxicity assay was from
(Mersch-SundemJann et aI., 2001). Namely, the cells
were pretreated with vinclozolin for 24 h, washed twice
with PBS and thereafter cultivated in medium, which
contained 50 Jl.M BaP (50 Jl.M) for 1 h. Then, the pro-
cedure was identical with that described above.

2.4. Western bloning

To determine the CYPIAI expression HepG2 cells
were treated with 200 and 400 IJ.M vinclozolin (24 h).
Trypsin was used to collect cells prior to washing
with PBS. The cell pellets were resuspended in lysis
buffer containing 10mM Tris-HCI (pH 7.4), 5mM
EDTA, 150 mMNaCl, 0.5% IGEPAL CA-630 (Sigma).
The cytosolic protein concentration was detennined by
Bradford assay (Bradford, 1976) with bovine serum




